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Food security, the measure of access to safe and sufficient food, is a critical global issue,
not just because of its effects on health, but also because of the potentially negative
consequences that moderate to severe food insecurity can have on mental and social well-being.
Archaeology is uniquely situated to inform and articulate with global food security studies and
can contribute more by focusing on past lived experiences of social and environmental
conditions and events. The experiences of and responses to those conditions, in turn, inform
present day policy and humanitarian efforts to help those initiatives align with human food
security needs.
This study examines how residents of Sapa’owingeh, a Classic Period (A.D. 1350-1600)
Tewa pueblo in the northern Rio Grande, experienced coalescence through the impacts of rapid
population increase and social reorganization on animal procurement and use. Utilizing Tewa
ethnographies and the recent literature on food security, I create models of social institutions and
practices and employ common zooarchaeological and mean ceramic dating methods and
measures to analyze faunal remains. I estimate the timing and origins of particular Tewa
institutions to determine if and how they contributed to food security and community well-being
v

for village residents relative to the timings of environmental changes based on dendroclimatic
reconstructions and changes in momentary population. Faunal patterns reveal that Tewa practices
were in effect from the beginning of occupation and peaked with population in the mid-1400s.
This suggests that Tewa institutions associated with the management of animals possibly were
present during the founding of the village but likely were elaborated over time as population
grew. Indices reveal that food security varied and was lowest during the late period, but was, on
average, moderate when the population was growing, despite highly variable precipitation that
would alter resource availability. Zooarchaeological patterning also reveals that Tewa hunting
rules, animal management practices, and ritual institutions were most prominent during peak
occupation. As the village population declined, these institutions appear to have failed or
diminished, resulting in high food insecurity despite the climatic stability that is apparent in treering data during this time. This patterning indicates that favorable ecological conditions are not
enough to ensure community cohesion. Social and religious mechanisms also are required to
ensure equitable access to food in good times and in bad.
This study shows that both zooarchaeology and ethnography are effective avenues to
understand food security in the past, although with limitations. It is an example of how
archaeology can contribute the long-term perspective that is needed as world nations struggle to
address food insecurity within the context of climate change and environmental variability.
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CHAPTER 1
INTRODUCTION

“…[F]amine is the characteristic of some people not having enough food to eat. It is not
the characteristic of there not being enough food to eat,” (Sen 1983:1).

Introduction
In the northern Rio Grande during the Classic Period (A.D. 1350-1600), Ancestral Tewa
populations aggregated into ten large pueblos through a process that recent researchers have
termed “coalescence” (Kowalewski 2006). As applied in the American Southwest, coalescence
refers to the physical, social, and ideological “coming together” of people to create a new and
more integrated community. According to some, coalescence, while fraught with some
difficulties, facilitated unprecedented levels of “well-being” up to Spanish Contact (Ortman
2016a). The process is well known in the literature on how, when, and why new and larger
communities formed during the 14th century across many parts of North America (see Birch
2013 and references therein). However, we currently lack an understanding of how Tewa
communities experienced these events, particularly the impacts of rapid population increase and
social reorganization on animal procurement, and the role or potential mitigating effects of the
institutions that emerged to manage access to animal products. Many of these institutions and
practices, such as subsistence rules, hunting rules, and ceremonial and agricultural activities,
persist among Tewa communities to this day, making the study of their development in the
northern Rio Grande of continued importance to Pueblo communities.
1

In this dissertation, I present a methodology for how we can examine the Tewa
institutions that developed to manage and maintain access to animal products in the Lower
Chama Valley during the Classic Period. I draw upon Tewa ethnographies and the recent
literature on food security to examine how Tewa social institutions managed animal resource use
in the past and how this might be manifested in the archaeological record through analysis of
faunal remains. The focus of research is the site of Sapa’owingeh, a Classic Period village
located in the Lower Chama Valley of northern New Mexico, and the large faunal assemblage
associated with this site. I investigate the timing and origins of particular Tewa institutions to
determine if and how they contributed to food security and community well-being for village
residents relative to the timings of environmental changes based on cool- and warm-season
precipitation reconstructions (Stahle et al. 2020) and changes in momentary population based on
demographic estimates (Duwe et al. 2016; Eiselt and Darling 2013). This enables me to better
understand the emergence of Sapa’owingeh institutions related to food management, their roles
in promoting food security during coalescence, and subsequently how these institutions may
have affected the lived experiences of ancestral Tewa communities.
In this chapter, I briefly review the key anthropological concepts associated with the
archaeology of the human experience, food security, and social institutions as these relate to my
research on the Sapa’owingeh faunal assemblage. I outline my research questions, and I
summarize the organization of chapters that follow.

Defining and Measuring Food Security
To be relevant to modern concerns, Kowalewski and Birch (2020) have argued that
archaeological data and analysis must articulate with the language of biology, ecology, and
sociology – the disciplines essential to global human studies. In many ways, anthropological
2

archaeology has accomplished this by providing historical contexts for modern problems.
However, we also may be able to contribute more than this by focusing on the lived experiences
of social and environmental conditions and events. The experiences of and responses to those
conditions, in turn, inform present day policy and humanitarian efforts to help those initiatives
align with human food security needs.
Food security exists when “all people, at all times, have physical, social and economic
access to sufficient, safe and nutritious food that meets their dietary needs and food preferences
for an active and healthy life” (Food and Agricultural Organization [FAO] et al. 2019:186). Food
security is measured as a continuum. The relative placement of human communities along it
serves to define one aspect of their “well-being” or quality of life at any given time and
presupposes that relative food security can vary in response to environmental and social factors,
not just simple abundances of subsistence resources. The FAO and World Health Organization
(WHO) measure food security across several dimensions that are conditioned by changes in the
environment as well as social practices and institutions. Food security became a global focus
through the efforts of the United Nations (UN) Sustainable Development Goals (United Nations
Development Programme [UNDP] 1994). Under these goals the UN aimed to end global hunger
and ensure food access while also eliminating malnutrition (FAO et al. 2019:xvi).
Food security is a critical issue, not just because of its effects on health, but also because
of the potentially negative consequences that moderate to severe food insecurity can have on
mental, social, and physical well-being (FAO et al. 2019:24). In principle and as a general
concept, food security applies to any context involving human beings including Puebloan
agricultural communities (Kowalewski 2006; Hegmon 2016; Logan 2016), and with it comes the
potential for food insecurity, which may exist “when people lack secure access to… safe and
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nutritious food” (FAO 2001). Moderate food insecurity exists when households are uncertain
about their ability to obtain food and are therefore forced to eat less food or foods that may be
nutritionally or culturally unsuitable. Severe food insecurity exists when a family has no food or
has gone one day or more without eating (FAO et al. 2019:5).
To understand and compare levels of stress, food security is measured across four
dimensions, or “pillars.” Availability measures whether food is actually or potentially present for
a household. This pillar considers production, food stores, markets and trade, transportation, and
wild resources. Access determines if a household can obtain available resources and varies across
individuals within a household. If food is both available and accessible, utilization measures
whether and how households are “…maximizing the consumption of adequate nutrition and
energy” (FAO et al. 2019:186). Proper nutrition is only possible through good feeding practices,
proper food preparation, a diverse diet, and equitable distribution. The final pillar, preference, is
the ability to decide what foods are consumed (FAO et al. 2019:186-187; Logan 2016).
Together, these dimensions amount to a position on a food security spectrum.
The UN, FAO, WHO, and other sovereign nations measure food security in multiple
ways, but all of them rely on the Food Insecurity Experience Scale (FIES) survey to capture an
image of food security for a household at a specific time and to make cross-cultural comparisons.
This survey asks a series of questions of participants, including their level of worry about
obtaining food, whether they feel that their diet is nutritious and diverse, if they have ever run
out of food, and how long they have gone without eating (FAO et al. 2019:16). The results of
this survey around the world have shown that people and communities with low social capital
and weak institutions and social networks are the most likely to experience food insecurity (FAO
et al. 2019:24).

4

Food Stress and Food Security in the Archaeology of the Human Experience
The concept of food stress is not new to archaeology, especially zooarchaeological
studies. Paul Minnis, in perhaps one of the most cited works on food stress in the American
Southwest, examined the economic and institutional responses to food shortages from an
evolutionary perspective. He defined food stress as a mix of caloric, protein, or other nutrient
deficiencies that are influenced by subsistence strategies, sociopolitical organization, and
population density (Minnis 1985:4-5). Stress can be acute and stem from short term events when
people do not have adequate nutrition (Minnis 1985:60). Chronic stress is when insufficient food
is a normal and reoccurring event (Minnis 1985:7). Minnis also incorporated the concept of
famine foods, or low preference foods “…that are known to be edible but are not consumed in
any quantity during times of normal food activity” (Minnis 1985:35). Famine foods such as these
are most understood through ethnographic studies (see Henderson and Harrington 1914; Robbins
et al. 1916). Minnis’s research focused primarily on agriculture and the contribution of maize to
the diet of Rio Mimbres populations and the factors limiting the capacity of the environment to
support the population (Minnis 1985:150). He also examined several conditions that would
aggravate food stress, such as high population density, storage ability, environmental alteration,
natural and human disasters, the disruption of traditional foodways, and malnutrition (Minnis
1985:195-196).
Minnis’s approach provides an excellent foundation for the archaeological study of food
security, but it does not deal with the personal and social consequences of inadequate food
supply. A food security approach instead emphasizes research questions that address how people
experienced food stress and their responses to it. This is the goal of Michelle Hegmon’s
Archaeology of the Human Experience (AHE) perspective, which seeks to address the human
experience directly; to understand how it could vary through time and across space; and to
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imagine what it was like to live in the past (Hegmon 2016). Four central goals define this
approach: 1) determining the experienced conditions, 2) understanding the context of how those
conditions came to be, 3) investigating how the conditions affect and produce the broader social
and cultural context, and 4) exploring how people experienced those conditions. AHE relies on
the seven dimensions of human security (economic, food, health, environmental, personal,
community, and political) as they are defined by the UNDP (1994) to describe those conditions
and link them to past experiences. AHE also focuses on historical processes, the individual, and
the community rather than neoevolutionary processes about how social systems form or how
they operate.
Under AHE, food security has been applied and studied in several ways. Logan’s (2016)
study in Banda, Ghana utilized the four pillars of food security to examine the effects of
globalization on foodways spanning A.D. 1000 to 2009. She argued that archaeologists should
understand food security as something that is experienced on a spectrum. She further argued that
archaeologists have focused too heavily on times of plenty, such as feasting and communal
storage. To understand the broad spectrum of human experiences with food and food-producing
ecosystems, we need more studies that address the issue of food insecurity (Logan 2016).
Ortman (2016a) applied AHE directly to the study of the Ancestral Tewa. Based on his
research on the Ancestral Tewa migration from Mesa Verde to the northern Rio Grande (Ortman
2010a, 2011, 2012), Ortman asked if the Tewa provided for human needs better than the
communities at Mesa Verde, given the depopulation of the latter. He examined Tewa society
according to each element of human security developed by the UNDP (1994). He admitted that
evidence from the archaeological record is limited, but stated that intensified and diversified
agriculture, coupled with ethnographic evidence of redistribution (Ford 1968, 1972b), supports
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interpretations for an increase in resource production leading to greater stability in the northern
Rio Grande (Ortman 2016). He made no mention of faunal resources, but he did conclude that
the Tewa were able to improve their conditions following migration and that Tewa institutions
emerged to ensure human security following a period of extreme hardship at Mesa Verde. His
conclusions are supported in a later study by Hegmon and Peeples (2018), who examined major
cultural transformations cross-culturally and found that human security is strongly associated
with institutional and demographic change. Big shifts in society and population resulted in larger
declines in community, personal, food, and economic security. In instances where community
security was particularly strong, disruptive events of greater magnitude had fewer negative
impacts on populations and social institutions.
Other explicit applications of food security in archaeology focus on resiliency. Dine et al.
(2019) have examined this in terms of the role of famine foods in the security of ancient Maya
socio-political systems. They found that Maya commoners had a flexible diet despite unequal
access to food and they supported their findings using ethnographic studies at Yaxunah where
modern house gardens are an important facet of food security in the face of laws and regulations
that disrupt traditional agricultural practices. They argued that studying food security in the past
is essential to understanding sustainable practices and cultural resilience today.
Similarly, Nelson et al. (2016) argued that archaeology provides a long-term view for
modern studies of resilience and disaster management. They asked if the level of vulnerability in
food security leading up to a climatic challenge can predict the scale of the impact of that event
on a population. They measured vulnerability as the availability of food relative to the population
size and examined the presence or absence of social institutions that govern food access. Crossculturally, Nelson et al. (2016) found that low food supply levels contribute less to vulnerability
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than previously thought and that social connections and community mobility are more important
measures of vulnerability (see also Strawhacker et al. 2020). Well-connected groups are better
able to withstand major climate events. In a subsequent study, Nelson et al. (2017) also found
that decisions aimed at increasing food security do not always benefit a settlement if these
decisions lead to overall decreases in personal and community security.
Food security studies and AHE are relatively new investigative approaches in
archaeology. This dissertation aims to understand how we can implement and improve both, and
how they might inform contemporary social issues and public concerns, particularly climate
change and the challenge of feeding a growing global population (Béné 2020). The concept of
food security is essential to this current study because it has the potential to illuminate how and
under what conditions Tewa institutions emerged to manage access to food. This is especially
germane to ongoing questions about the origins of Tewa identity during the Classic Period, rapid
population growth starting in the early 14th century, and village coalescence and eventual
depopulation leading up to Spanish contact. In short, an AHE approach helps us to understand
how human populations experienced food security in the past and how they mitigated the
impacts of food insecurity by mobilizing social capital through social institutions and practices.
A rich ethnographic record also is required to establish the potential contours of these institutions
and practices and how they may be manifested in the archaeological record, particularly when
the goal is to interpret material remains as human responses to events and conditions (see
Holland-Lulewicz et al. 2020). Finally, I advocate that AHE should focus particularly on the
study of institutions to understand how people collectively pooled and distributed resources to
improve their daily lives.
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The Important Role of Institutions in Mitigating Food Stress
Institutions are defined as
“…a complex of positions, roles, norms and values lodged in particular types of social
structures and organizing relatively stable patterns of human activity with respect to
fundamental problems in producing life-sustaining resources, in reproducing individuals,
and in sustaining viable societal structures within a given environment” (Turner 1997:6).

Institutions permeate all aspects of culture because they are built on collective action by a group,
whether it be social, political, or religious, and are historically and socio-culturally determined
(Bondarenko 2020). They initially develop within a given level of society to address the current
needs of the community, such as health and safety or education, and are flexible and evolve
when those needs or conditions change (Bondarenko 2020; Holland-Lulewicz et al. 2020).
Institutions meet social needs on a long-term scale by reproducing and transmitting the
knowledge of their practices, relations, and social roles within and between generations,
therefore creating cohesion across diverse people through time and space (Bondarenko 2020).
For these reasons, institutions are a common focus of anthropological research.
Institutions are essential to communities because they mobilize social capital to address
human security issues. Social capital is the “…features of social organization such as networks,
norms, and social trust that facilitate coordination and cooperation for mutual benefit” (Putnam
1995:67). It is a resource for communities to fulfill their needs and interests, and it manifests
through trust, reciprocity and exchange, common rules, norms and sanctions, connectedness,
networks, and groups, all defining characteristics of institutions. Social capital is also selfpropagating, like the institutions based upon it, because it creates and strengthens social
relationships (Pretty and Ward 2001). This concept is key to the present project because it
examines those institutions that are specifically built on cooperation and coordination within a
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community. Community food security also relies on cooperation to overcome environmental and
cultural obstacles than threaten human security (Béné 2020).
Recently within archaeology there have been calls for an “anthropological archaeology of
institutions” as a middle range theory (Holland-Lulewicz et al. 2020; Kowalewski and Birch
2020). This approach is still in its infancy but notably lacks the human experience perspective
provided by AHE. I argue that both perspectives are necessary since neither human experience
nor institutions can be studied without the other. By incorporating concepts of the lived
experience and social capital as generated from within institutions, archaeology can provide
historical context for why ethnographically known institutions succeed or fail, especially during
disasters and pandemics (Gamble et al. 2021). This approach also provides a perspective beyond
ethnography by revealing the patterning of institutions not present during the historic or recent
past (Holland-Lulewicz et al. 2020).

Research Questions
A focus on AHE, food security, and the archaeological study of institutions has enabled
me to develop the following research questions. In turn, these questions guide this project,
specifically, the methodology developed for zooarchaeological data analysis, which is detailed in
Chapter 4, and the selection of the comparative datasets discussed in Chapter 7.
1) When and under what conditions did Tewa food security practices and institutions
emerge in the Lower Rio Chama Valley, and what was their role in the acquisition and
management of game? As discussed above, documenting the emergence of institutions is
important to modern social science, and archaeology has much to contribute on the topic.
Kowalewski and Birch (2020), who have extensively discussed the development of institutions,
write that,
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“In archaeology, we identify institutions as those recurring patterns of behavior that can
be claimed by strong inference to be the result of groups of people who worked together
to carry out objectives by means of tasks executed according to norms or rules
(Kowalewski and Birch 2020:32).

Within the current project, this research question will be addressed by using standard
zooarchaeological measures to determine the state of food security through time (Chapter 5), the
institutions indicated by patterning in the archaeological record (Chapter 6), and the conditions
under which they are identified by comparing them to datasets for momentary population
reconstruction (Duwe et al. 2016; Eiselt and Darling 2013) and precipitation reconstruction
(Stahle et al. 2020).
2) Were these practices and institutions present from the beginning of the cultural
sequence, or did they evolve in the lead up to peak population? Coalescence, which will be
discussed further in Chapter 2, involves rapid change and the formation of new institutions to
deal with the stress and needs associated with that change (Birch 2013; Kowalewski 2006). I can
therefore expect that institutions and associated practices may have developed during the
occupation of Sapa’owingeh. It is possible to investigate this question by developing material
correlates and patterns that are derived from Tewa and Pueblo ethnography (Chapters 3 and 4). I
examine these data in Chapter 6, and their timing through mean ceramic dating, which I detail in
Chapter 4.
3) What role did practices and institutions play in the maintenance of large, aggregated
villages prior to depopulation of the Rio Chama starting in the early 1500s? Managing natural
resources requires social collaboration and, as discussed above, this type of management is
known to manifest in institutions such as kin groups and sodalities, entities that take on higher
order management roles above the level of the individual (Pretty and Ward 2001). We also know
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that disrupted institutions impede public food distribution (Laborde et al. 2021), leading into an
increase in starvation and malnourishment. The role of institutions at Sapa’owingeh is addressed
in Chapter 6 where I present the data for ritual elaboration, hunting rules, and their timing, and in
Chapter 7 when I compare that timing to changes in population.

Dissertation Organization
This dissertation is organized into seven chapters. Chapter 2 and 3 provide the context for
this study. In Chapter 2, I detail the geographic context of the northern Rio Grande and review
the culture history of the Tewa Basin. I also discuss the previous archaeological research in the
Lower Rio Chama Valley and at Sapa’owingeh, highlighting the gaps in our knowledge that this
dissertation aims to address. Finally, I further define food security relative to archaeological and
zooarchaeological studies in the Pueblo IV (A.D. 1300-1600) greater American Southwest. In
Chapter 3, I review the pertinent Pueblo ethnography with a focus on Tewa studies detailing
animal use and the associated institutions. I then present the archaeological correlates for Tewa
animal management, resource distribution, and craft and ritual paraphernalia production.
Chapters 4-7 discuss my original research and conclusions. Chapter 4 presents my
methodology for data collection and discusses the pitfalls and benefits of investigating legacy
archaeological collections. I build the models necessary to investigate Tewa institutions through
the Sapa’owingeh zooarchaeological assemblage. I also discuss the comparative datasets,
momentary population estimates and dendroclimatic reconstruction, that I later compare against
patterns in Sapa’owingeh food security.
Chapters 5 and 6 discuss the results of my data analysis. In Chapter 5, I describe the
patterning of animal use at Sapa’owingeh, including extensive evidence for intensified turkey
husbandry. I present calculated zooarchaeological measures that define food security through
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time and between contexts. Chapter 6 analyzes the same data for the presence of Tewa
institutions through patterning in the archaeological record resulting from Tewa hunting rules
and ritual practices, including disposal rules, caching, and ritual paraphernalia production.
In Chapter 7, I examine the results of my research in relation to previous Tewa
investigations in the northern Rio Grande. I compare the Sapa’owingeh food security dataset to
momentary population estimates for the village and precipitation reconstructions for the Lower
Rio Chama. I address each of my research questions in light of my findings and present my
assessment of food security and Tewa institutions during the Classic Period. I also situate my
work with previous research in the northern Rio Grande and summarize why food security
studies and incorporating human experience are essential to advance archaeological research.

Summary
Efforts to address modern social issues have only recently realized that social capital and
institutions are essential to community success and well-being. Archaeology is proceeding down
a similar research path (Bondarenko 2020; Hegmon 2016; Holland-Lulewicz et al. 2020;
Kowalewski and Birch 2020; Logan 2016). We now know that previous global human security
initiatives were unsuccessful because they focused on changing behavior at the individual level.
By incorporating local knowledge stemming from institutions into resource management
projects, especially in rural areas, policies are strengthened and produce a more successful
project in the long term (Pretty and Ward 2001). Archaeology should similarly be concerned
with past human security and how communities managed stress successfully and unsuccessfully.
As a discipline, archaeology contributes to modern efforts to ensure human security by
examining the origins of institutions and determining their time depth or the nature of their
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failure, therefore providing historical context that can inform better policy and a glimpse at the
actual lived experience of those institutions.
In sum, this chapter has reviewed the theoretical underpinnings of my dissertation
research. I have argued that archaeology can and should examine the human experience of events
in the past and that this can be accomplished by examining food security as proposed by
Michelle Hegmon (2016) and others (Dine et al. 2019; Logan 2016; Minnis 1985; Nelson et al.
2016; Nelson et al. 2017; Ortman 2016a). I have also argued that to understand such experiences,
we need to investigate those institutions that were meant to promote social cohesion and stability
in the past, as advocated by Holland-Lulewicz et al. (2020) and Kowalewski and Birch (2020).
Finally, I presented the research questions of this dissertation, why they are important, and how I
intend to address them through my research. The next chapter situates the present study by
reviewing the geographic setting and the cultural history of the Tewa Basin. It details the history
of archaeological research on Tewa origins and coalescence, as well as the role of Sapa’owingeh
in Tewa becoming.
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CHAPTER 2
THE TEWA BASIN AND FOOD SECURITY

“People have moved from place to place and have joined and separated again throughout
our past, and we have incorporated it into our songs, stories, and myths because we must
continually remember that, without movement, there is no life” (Naranjo 1995:250).

Introduction
Social change is often described in terms of adaptive responses to increasing population
and environmental conditions that result in the emergence of social institutions to manage the
behavior of increasingly larger groups. This was especially the case in the northern Rio Grande
of New Mexico during the Classic Period. Population aggregation into large pueblos contributed
to the emergence of complex socio-religious institutions, economic intensification, and changes
in socially managed subsistence activities. Many of these institutions, such as subsistence rules,
hunting practices, and ceremonial and agricultural activities, persist among Tewa communities
today. While these are detailed ethnographically (Henderson and Harrington 1914; Ortiz 1969;
Parsons 1939), their relationship to the deeper history of Ohkay Owingeh Pueblo remains
underexamined (Duwe 2020). The Ancestral Tewa site Sapa’owingeh (LA 306), provides a
unique opportunity to investigate these patterns within the context of the pre-Columbian
Southwest past. Early work in the northern Rio Grande focused on culture history and defining
the relationship between the Tewa Basin and the greater American Southwest (Bandelier 1892;
Harrington 1916; Hewett 1906; Hibben 1937; Jeançon 1911, 1912, 1923; Mera 1932, 1934;
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Wendorf and Reed 1955). Research from the 1960s to present day has focused on Ancestral
Tewa origins and migration (Aguilar 2019; Bernhart and Ortman 2014; Boyer et al. 2010; Davis
1959; Ellis 1964; Ford et al. 1972; Lakatos 2007; Lipe 2010; Reed 1949; Steen 1977; Varien
2010; Wendorf 1953a; Wendorf and Reed 1955), large scale agriculture and its associated
technologies (Anschuetz 1994, 1995a, 1995b, 1998; Anschuetz; Ford and Swentzell 2015;
Anschuetz et al. 1985; Eiselt 2019; Eiselt et al. 2017; Maxwell 2000; Maxwell and Anschuetz
1992; Moore 1992; Skinner 1965; Ware and Mensel 1993), and ethnogenesis and cosmology
(Aguilar and Preucel 2019; Anschuetz 2010; Duwe 2011, 2016, 2020; Duwe and Anschuetz
2013; Duwe and Preucel 2019; Nelson and Strawhacker 2011; Naranjo 1995; Ortman 2010a,
2010b, 2012).
Considerably less work has been conducted on zooarchaeological assemblages as an
important counterpart to better understandings of Tewa subsistence, economy, history, and
ideology. Previous projects have either only touched briefly upon faunal remains with a focus on
modified tools or ritual paraphernalia (Greenlee 1934; Hibben 1937; Jeançon 1912, 1923;
Luebben 1953; Wendorf 1953) or have been limited by poor collection techniques and curation
(Mick-O’Hara 1987). The renewed interest in the Lower Rio Chama Valley and the Tewa Basin,
including the current project, have only been possible because older collections have become
available for analyses (Burger et al. 2014; Dombrosky 2015; Steele 2018; Stewart 2018). This
has opened Tewa Basin archaeology to new research topics, such as food security and its
relationship to demographic and social change.
As already argued in Chapter 1, archaeology can and should investigate issues of food
security through the analysis of archaeological remains. The present study examines the origins
of Tewa social institutions that managed food security in the past through analysis of an
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incredibly large zooarchaeological assemblage from the site of Sapa’owingeh in the northern Rio
Grande. In order to achieve this understanding, this chapter has four goals. The first is to review
the geographic setting and culture history of the Tewa Basin. The second is to detail the history
of archaeological research in the Lower Rio Chama Valley and at the site of Sapa’owingeh with
a focus on prevailing research directions and gaps. The third is to situate the present study within
this research context and to illustrate how an intensive look at food security at Sapa’owingeh
reveals important details about Tewa coalescence. The fourth is to review the ways in which
archaeologists have studied food stress in the past, including recent research in New Mexico that
is relevant to the interpretation of zooarchaeological findings.

The Tewa Basin and Lower Rio Chama Valley
The heart of the Ohkay Owingeh homeland is situated within the Lower Chama Valley,
an extension of the Southern Rocky Mountain Province of the Colorado Plateau (Fenneman
1931). The northwestern portion lies in the Chama Basin while the southern portion includes the
Española Basin (Kelley 1979; Maxwell 2000:89). This geographic area, the Tewa Basin (Figure
2.1), is the physical and spiritual world of the Tewa. Within this region the Tewa World is
defined by four sacred, named peaks – Tse Shu (Conjilon Peak in the Tusas Mountains) in the
north, Ku Sehn Pin (Truchas Peak in the Sangre de Cristo Mountains) to the east, Oku Pin
(Sandia Crest in the Sandia Mountains) to the south, and Tsikomo (Chikomo Peak in the Jemez
Mountains) to the west (Ortiz 1969). While seemingly large, this ancestral homeland would have
afforded the pre-Columbian population, at its maximum, only one-tenth of a square mile (or
roughly 64 acres) per person for subsistence (Eiselt et al. 2017; Eiselt and Darling 2013).
Topographically, the region is defined by hilly uplands, narrow river valleys, badlands,
and old stream-terrace surfaces (Kelley 1979; Maxwell 2000:90). The geology is comprised
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Figure 2.1. Extent of the Tewa Basin (after Anschuetz 2010: Figure 1), Ohkay Owingeh core
area (after Eiselt and Darling 2013: Figure 1.2), and the location of named Tewa sacred peaks.
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primarily of Pre-Cambrian quartzite, schist, gneiss, and granite formations (Smith 1938:938),
overlain in certain areas by volcanic rock (basalt, rhyolite, and tuff) from numerous eruptions
forming the Valles Caldera 1.2 million years ago (Phillips et al. 2007). Erosion and deposition
following this eruption created the Quaternary-era Santa Fe formation, an alluvial fan
characterized by irregularly welded and consolidated sandstone and basalt flows, especially
along El Rito Creek (Luebben and Brugge 1953:1-2; Smith 1938:954). The Lower Rio Chama
Valley is situated at the lower end of this fan and is formed by significant erosion (Smith
1938:965).
The geological history of the Tewa Basin has created a region with varying elevations,
numerous biozones, and high plant and animal diversity. At the mouth of the Rio Chama, the
major drainage system in the valley, elevation is at its lowest at 5,600 ft and exceeds 11,000 ft in
the peaks of the Jemez Mountains (Luebben and Brugge 1953:1). El Rito Creek, where the
village of Sapa’owingeh is situated, is a permanent water source and one of three major
tributaries of the Rio Chama, the others being the Rio Ojo Caliente and the Rio del Oso
(Maxwell 2000:90). These drainages are fed from early spring snow melt, late summer
convectional monsoon runoff, and high and middle elevation springs that carry groundwater to
escarpments and escarpment edges of streams. Prior to the establishment of the Abiquiu Dam
and other water control features, variation in the seasonal flow of the Chama River had the
potential to impact valley floor ecosystems and habitats with devastating floods (Cordell
1989:297).
Cultivation of these floodplains would have created a level of agricultural risk, not just
due to flooding, but also because of the limits imposed by salinization, dense hardwood, crop
disease, and insects (Cordell 1989:298). This has led some to argue that northern Rio Grande

19

residents would have avoided planting in the floodplains, and instead would have utilized terrace
fields and dry farming practices (Cordell 1989:298; Glassow 1980; Maxwell 2000; Maxwell and
Anschuetz 1992; Orcutt 1991). However, it is also the case that Pueblo farmers practiced a wide
variety of techniques that used runoff or other intermittent sources such as high water tables,
permanent streams and rivers, or active springs (Ackerly 1995, 1997; Ford and Swentzell 2015;
Moore 1995). All these techniques would have been necessary to support the local population of
the Chama at its maximum, including major waterways and floodplains (Eiselt et al. 2017; Eiselt
2019).
The northern Rio Grande has famously been described as a “Garden of Eden” for
resource availability and cultivation potential in comparison to other regions of the preColumbian American Southwest (Cordell 1989:297). However, more recent research shows that
this was not always the case, and that residents of the Tewa Basin faced just as much
environmental uncertainty as past populations in other areas (Anschuetz 1998; Towner and
Salzer 2013). The regional climate is described today as semi-arid with July temperatures
averaging 72 degrees Fahrenheit and January temperatures averaging 29 degrees Fahrenheit,
though this varies by elevation (Luebben and Brugge 1953:3). This means that the number of
frost-free days for the planting and harvesting of crops is, on average, 140 days from April to
October (Tuan et al. 1973).
Dendroclimatic reconstructions indicate that, from A.D. 759-2002, mean-annual
precipitation was 43.34 cm in the Chama Valley. Historically, the region was wetter and less
variable than neighboring areas, and this relative stability may have been a factor in drawing
large populations to the area (Towner and Salzer 2013). Most of this precipitation would have
come during the summer monsoon seasons from July through September. Snowfall at higher
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elevations also was a source of snowmelt that fed the creeks and springs in the mountains
(Luebben and Brugge 1953:2). However, while the Chama area received a significant amount of
seasonal rain, the unpredictability and violence of the monsoon season and variations in annual
precipitation nonetheless created a level of environmental uncertainty for settled groups relying
heavily on agriculture (Anschuetz 1998). This alone would have made periodic food insecurity a
very real and perceivable threat.
The Chama Valley is further subdivided into vertical biotic zones that are the result of
differences in temperature, pressure, aspect, and precipitation (Bailey 1913). The Lower Rio
Chama Valley is dominated primarily by the Upper Sonoran Life Zone (4,500-7,500 ft) with
piñon-juniper woodlands and open sage grasslands. Riparian zones along watercourses support
water-loving species such as cottonwood (Populus spp.) and willow (Salix spp.) and are the only
low-elevation areas where large trees are found (Bailey 1913:25; Brown 1994:52-53). Vegetation
is sparse in surrounding terraces and consists mainly of low desert shrubs, short grasses, cacti,
yucca (Yucca spp.), and other succulents. At the less arid higher elevations, common species
include piñyon pines (Pinus spp.), junipers (Juniperus spp.), and mountain mahogany
(Cercocarpus montanus), along with sagebrush (Artemisia tridentate) and grasses (Bailey
1913:27; Brown 1994:52-53). Edible plant species in these areas were an important supplement
to agriculture, especially during times of crop failure, late winter and spring food shortages, and
seasonal population movements (Beal 1987:5). The higher elevation Transition Zone (7,5009,500 ft) is home to the ponderosa pine (Pinus ponderosa) as well as a dominant under story
made up of grasses, black chokecherry (Prunus serotina), wax currant (Ribes cereum), and
gooseberry (Ribes spp.) (Bailey 1913:42; Pase and Brown 1994: 43).
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The Upper Sonoran Life Zone also supports a diverse range of faunal species essential to
Pueblo foodways and religion. Cottontail (Sylvilagus spp.), hare (Lepus spp.), and many species
of squirrel were important small game. Larger game such as mule deer (Odocoileus hemionus),
white-tailed deer (Odocoileus virginianus), elk (Cervus elaphus), and bighorn sheep (Ovis
canadensis) were hunted at middle and higher elevations while pronghorn (Antilocapra
americana) was hunted at lower ones. Important non-food species include the mountain lion
(Puma concolor), bobcat (Lynx rufus), coyote (Canis latrans), wolf (Canis lupus), black bear
(Ursus americanus), grizzly bear (Ursus arctos), and American badger (Taxidea taxus) (Bailey
1913:32-33). Native and migratory bird species are too numerus to list here, but the Ancestral
Tewa of the Classic Period raised and managed large flocks of turkeys (Meleagris gallopavo) as
both food and a source of feathers. Appendix A lists all anticipated species, based on geographic
setting, for the current project.

History of Research
The Tewa Basin has been the focus of archaeological investigations for over 130 years,
beginning with the pioneering work of Adolph Bandelier (1892) and continuing to the present
(Duwe 2020). This work serves to define the “Chama District” as a regionally cohesive
archaeological record, related to the history of the Tewa and the Ohkay Owingeh people.
Detailed summaries of research in the northern Rio Grande can be found in Anschuetz (1998),
Beal (1987), and Duwe (2020). This history is only touched upon briefly here to highlight
specific projects and common research themes that help us to understand some of the gaps in our
knowledge about Tewa subsistence and food security in the past.
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Phase I: Culture History and Ethnography
Some of the earliest published reports of archaeological sites in the western United States
come from the Army Corps of Engineers and the results of their survey efforts west of the
Mississippi River in the mid- to late-1800s. H. C. Yarrow, a member of Lieutenant George
Montague Wheeler’s United States Geological Survey West of the One Hundredth Meridian,
submitted a report on his visit to Poshu’owingeh (LA 274), a Classic Period Tewa pueblo in the
Lower Rio Chama drainage. He described and took measurements of the site architecture,
summarized the landscape, and excavated and described several burials (Yarrow 1879).
The earliest archaeological project was conducted by Adolph Bandelier, who visited and
surveyed the Lower Rio Chama Valley in 1885. He described and sketched Hupobi’owingeh
(LA 380), Howidi’owingeh (LA 71), Posi’owingeh (LA 632), Poshu’owingeh, Sapa’owingeh
(LA 306), and many other sites (Figure 2.2). With the help of Tewa elders, he also identified and
described agricultural fields along the Rio Ojo Caliente (Bandelier 1892), deliberately discussing
the nearby garden plots while speculating on irrigation practices. Bandelier’s work was expanded
upon by Edgar Lee Hewett’s 1906 survey of the Lower Rio Chama Valley, which added several
additional Tewa sites including Ku’owingeh (LA 253), Te’ewi’owingeh (LA 252),
Tsiping’owingeh (LA 301), and Yunque’owingeh (LA59). Hewett’s report presented maps and
descriptions for a total of ten large sites in the Chama, in addition to the extensive agricultural
fields at Abiquiu Mesa (Hewett 1906).
John P. Harrington’s (1916) Tewa ethnogeography is credited with the most extensive
compilation of Tewa place names in the Tewa basin including landscape features, geographic
locations, and archaeological sites such as the El Rito Ruin (LA 70668), Tsama’owingeh (LA
908-909), Kapo’owingeh (LA 300), Pesede’owingeh (LA 299), Nuute’owingeh (LA 298), and
Ponshipa’akedi’owingeh (LA 297) (Harrington 1916). Harrington also contributed to detailed
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Figure 2.2. Key sites within the Tewa Basin.

24

works on Tewa ethnozoology (Henderson and Harrington 1914) and ethnobotany (Robbins,
Harrington, and Freire-Marreco 1916) that summarized Tewa use and names of local plant and
animal resources. Later, Elsie Clews Parsons worked closely with Tewa individuals and wrote
in-depth works on Tewa religion (Parsons 1939), oral history (Parsons 1926), and social
organization (Parsons 1924, 1929). While Parsons’s contribution to current understandings of
Pueblo religion is immeasurable, her data collection methods were nonetheless invasive and
damaging to the protection of Pueblo culture and knowledge.
The first scientific excavations in the Lower Rio Chama Valley were conducted by Jean
A. Jeançon. In 1910 he led a survey in the Rio del Oso Valley for the El Paso County Pioneer
Association of Colorado. He expanded upon Hewett’s documentation of Ku’owingeh, including
descriptions of large field complexes (Jeançon 1911), and he later excavated several rooms at the
Classic Period Tewa site of Pesede’owingeh in the Rio del Oso (Jeançon 1912). Jeançon returned
to the region in 1919 to excavate portions of Poshu’owingeh as part of a separate project under
the aegis of the Bureau of American Ethnology, providing rich descriptions of site architecture
and artifacts in his 1923 report (Jeançon 1923). Soon after, the number of known archaeological
sites in the American Southwest greatly expanded through aerial survey and photography. At the
behest of A. V. Kidder, Charles and Anne Lindbergh located numerous sites in Arizona and
northern New Mexico and provided the first views of the landscapes that supported large
villages, including the Rio Chama Valley (Berg 2004).
Research in the Lower Rio Chama Valley waned until the early 1930s when
archaeologists from the Museum of New Mexico began working in the region. Robert Greenlee
revisited many of the sites previously documented by Bandelier and Hewett including Frijoles
Creek ruin (LA 55883), Abiquiu Canyon ruin (LA 55882), and Cerro Colorado (LA 307).
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Greenlee also excavated several rooms at Tsama’owingeh, reporting that cobble grids were
nearby, but misidentifying them as room foundations instead of garden plots (Greenlee 1930;
1934). Around the same time, Harry P. Mera was visiting, remapping, and resurveying large
pueblos throughout the northern Rio Grande. Using ceramic assemblages and architectural
layouts, he developed the first sequence of occupation in each subregion, including the Chama
Valley. He also defined the “biscuitware area” in the Chama district and developed a ceramic
seriation sequence for the period of A.D. 1200-1600, making it possible to link temporal patterns
to changes in population and settlement (Mera 1932, 1934).
Following Mera’s groundbreaking work, Frank C. Hibben of the University of New
Mexico conducted an aerial photographic survey along the Rio Chama. Hibben documented
extensive cobble-bordered grid complexes and correctly identified them as such. He also
excavated Riana Ruin (LA 920), a Coalition Period site in the Upper Chama drainage, and he
refined Mera’s (1932) regional typology for biscuitwares. Hibben’s sequence defined
“Wiyo/biscuitoid ruins,” “Biscuitware ruins”, and “Tewa Polychrome and historic ruins,” thus
laying the groundwork for subsequent excavations (Hibben 1937).
Utilizing Hibben’s refined occupational site sequence, the School of American Research
and Laboratory of Anthropology excavations of the early 1950s further examined the spatial and
temporal distributions of some of the large sites in the Lower Rio Chama Valley. Ralph Luebben
excavated Kapo’owingeh, a Late Coalition to Classic Period site located on a promontory along
the Rio Chama. As in preceding reports, Luebben (1953) focused on descriptions of architecture,
agricultural features, and recovered artifacts. Fred Wendorf excavated Te’ewi’owingeh
(Wendorf 1953b) and concluded, based on the chronology of site occupation for the region, that
the Chama population was low until A.D. 1350 or 1400. He attributed the subsequent population
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increase to the aggregation of small groups from adjacent areas into larger villages and argued
against migration, stating instead that there was little evidence to support it (Wendorf 1953a).
This work and that of others nonetheless resulted in the cultural historic framework that is still
used today, with some refinements (Duwe 2011; Wendorf and Reed 1955, see also Wendorf
1954).
Phase II: Salvage Archaeology and Cultural Resource Management
The late 1950s saw further expansion of archaeological research in the Rio Chama area.
Stewart Peckham excavated Palisade Ruin (LA 3505) in anticipation of the construction of
Abiquiu Reservoir (Peckham 1959, 1981). Also, during this period the state of New Mexico
created its highway salvage program. Many sites were excavated or surveyed, including
Howidi’owingeh. Surveys also documented many small pueblos, activity sites, lithic
concentrations, ceramic scatters, shrines, and historic buildings, adding to a more comprehensive
picture of human occupation in the area (Ware and Mensel 1992).
In the 1960s and 1970s, University of New Mexico field schools under Florence Hawley
Ellis excavated Sapa’owingeh, Tsama’owingeh, Abiquiu Ruin, and Yunque’owingeh. The
results of these projects have not been published or reported except for a few brief papers (Ellis
1987; Ellis and Dodge 1992). Draft reports in Ellis’s papers relating to the Sapa’owingeh
excavations, now available at the Maxwell Museum of Anthropology, do show that she was
focused on the origins of the inhabitants (Ellis 1964). David Bugé of Occidental College (an Ellis
student) also conducted two seasons of survey and excavation at Ponshipa’akedi’owingeh and
documented several hundred cobble terrace areas along both banks of the Ojo Caliente north to
the site of Howidi’owingeh (Bugé 1978, 1979, 1981, 1984). Howidi’owingeh was excavated
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again in 1978 and 1979 by the research section of the Laboratory of Anthropology, Museum of
New Mexico during a highway widening project for US Hwy 285 (Fallon and Wening 1987).
This period also produced groundbreaking ethnographies by Tewa anthropologists.
Alfonso Ortiz’s (1969) The Tewa World detailed historic social organization, the moiety system,
and Tewa institutions and practices at Ohkay Owingeh. Ortiz’s work is essential to current
understandings and studies of Tewa culture and worldview. Edward Dozier’s work on the HopiTewa (1954) and internal conflict at Santa Clara (1966) revealed the need to understand
movement as key to Pueblo cultural change (Duwe 2020:34). Richard Ford (1968, 1972b), who
also worked closely with Ohkay Owingeh, produced a study of the ethnoecology of the Pueblo
and the institutions that guided daily and ritual practices. Importantly, Ford detailed the
regulatory mechanisms that circulated limited surpluses within the pueblo and how these
mechanisms were integral to Ohkay Owingeh’s ritual doings.
Cultural Resource Management projects in the Lower Rio Chama Valley surged in the
1970s with the enactment of the Archaeological and Historic Conservation Act by the federal
government in 1974. Two decades of work related to the construction of the Abiquiu Reservoir
investigated over 200 sites spanning the Archaic to Historic periods and demonstrated that the
pre-Columbian Pueblo and post-Contact Tewa inhabitants utilized the region extensively for
hunting and gathering (Anschuetz 1998:209). Curt Schaafsma’s work in the Piedra Lumbre
Valley expanded knowledge on the extent and intensity of Archaic occupations, in addition to
historic Navajo, Tewa, and Hispanic use of the area (Schaafsma 1975, 1976).
As the number of known sites expanded, so did the topics pursued by archaeological
research. Ann Ramenofsky’s excavations at Nuute’owingeh investigated the timing and factors
influencing depopulation in the Chama area (Ramenofsky and Feathers 2002). Winifred Creamer
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and colleagues conducted surface collections and test excavations at Ponshipa’akedi’owingeh,
Hupobi’owingeh, Posi’owingeh, Poshu’owingeh and Sapa’owingeh to understand patterns of
demographic and sociopolitical change, finding that the large protohistoric pueblos were
occupied sequentially by larger groups both within the sites and between them. This work
demonstrated that past population estimates needed to be reexamined (Creamer et al. 2002). Kurt
Anschuetz also did much to expand archaeological knowledge of the Tewa occupation in the
Lower Rio Chama Valley. Anschuetz conducted the largest survey in the area, focusing on the
Rio del Oso Valley, to investigate agricultural tactics and strategies, but also documented an
extensive network of shrines that broadened academic understandings of Tewa cosmology
(Anschuetz 1998).
Phase III: Modern Theoretical Research and Themes
Though not vastly different from research trends outside the Southwest, several obvious
themes characterize research in the Lower Rio Chama Valley and the wider Tewa Basin.
Archaeologists have long focused on Puebloan agriculture and the challenges of provisioning a
large, sedentary population in a semi-arid climate. In the Rio Chama, research has focused on
agricultural features (Anschuetz 1998; Anschuetz et al. 1985; Maxwell and Anschuetz 1992;
Eiselt et al. 2017; Moore 1992; Skinner 1965; Ware and Mensel 1993) and their associations
with the larger Classic Period villages. Researchers also have characterized the wide array of
agricultural techniques practiced by Tewa farmers (Anschuetz 1994, 1995a, 1995b; Ford and
Swentzell 2015; Maxwell 2000) and they have considered how farmers met the demand of a
growing population as well as the apparent economic developments that accompanied
coalescence (Duwe et al. 2016; Eiselt 2019; Eiselt et al. 2017; Ortman and Davis 2019).
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Like agriculture, migration and the origin and development of Tewa society have been
the focus of investigators since the earliest excavations by Jeançon and Wendorf in the first half
of the 20th century and have driven many of the subsequent large and small projects in the Rio
Chama (Bernhart and Ortman 2014; Boyer et al. 2010; Davis 1959; Ellis 1964; Ford et al. 1972;
Lakatos 2007; Lipe 2010; Reed 1949; Steen 1977; Varien 2010; Wendorf 1953a; Wendorf and
Reed 1955). This research has fostered a debate as to whether the Tewa Basin population growth
during the Classic Period can be attributed to immigration from the Mesa Verde region or to
intrinsic growth of local populations (see Boyer et al. 2010, Ortman 2012 and discussions
therein). Issues of movement and placemaking also have taken center stage as drivers of Tewa
ethnogenesis (Anschuetz 2010; Duwe 2011, 2016, 2020; Duwe and Anschuetz 2013; Duwe and
Preucel 2019; Nelson and Strawhacker 2011; Naranjo 1995; Ortman 2010a, 2010b, 2012).
Following the 1990s, much of the research in the Lower Rio Chama Valley has focused
on population origins, the emergence of Tewa cultural identity, and refinements in chronologies
and population reconstructions. Scott Ortman (Bernhart and Ortman 2014; Ortman 2000, 2010a,
2010b, 2011, 2012, 2016) provided an in-depth investigation into the origins of northern Rio
Grande populations and their migration from the Mesa Verde region during the 13th century
utilizing linguistics, archaeology, and bioarchaeology. Kurt Anschuetz, expanding upon his
previous work on Tewa agriculture, demonstrated how the Tewa used movement to decrease
agricultural risk by creating a landscape of villages and fields that embodied their cosmology
(Anschuetz 2007; Duwe and Anschuetz 2013). Samuel Duwe (Duwe 2011, 2016, 2020; Duwe
and Cruz 2019) examined the emergence of a Tewa cultural identity during the Classic Period in
the early A.D. 1300s and further documented the material and landscape ties between historic
northern Tewa pueblos and ancestral Tewa sites within the Chama Valley. Duwe focuses
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extensively on ethnogenesis and becoming, the constant changing and reformation of the world
through social and spiritual interactions (Duwe 2020:3), while simultaneously investigating
Tewa landscape construction and coalescence. These themes of coalescence and aggregation are
wide-reaching throughout Southwest archaeology (Adler 1994; Cordell, Doyel, and Kintigh
1994; Crown and Kohler 1994; Fowles 2004; Graves, Holbrook, and Longacre 1982; Hill et al.
2004; Leonard and Reed 1993; Ruscavage-Barz and Bagwell 2006; Spielmann 1994, 2004;), but
until recently, have not been extensively investigated in the Lower Rio Chama Valley (Duwe
2011, 2020). These works also embody a growing trend in archaeology to incorporate
Indigenous perspectives and to accord them equal weight as scientific knowledge (Preucel and
Duwe 2019).

Chama Valley Culture History, Sapa’owingeh, and Tewa Origins
The following overview of general chronological trends and culture history in the Lower
Rio Chama Watershed provides context for the current study. The summary relies primarily on
chronological reconstructions by Wendorf and Reed (1955), as later adjusted and expanded by
Anschuetz and Scheick (1996), Anschuetz (1998, 2007), Beal (1987), and Duwe (2011, 2020).
The general outline of the Pueblo culture history generally follows Wendorf and Reed’s three
periods (Developmental, Coalition, and Classic), as modified by Duwe (2011, 2020) (Figure
2.3).
Paleoindian and Archaic Periods (9000 B.C.- A.D. 900)
The timing of Paleoindian occupations in the Chama Valley is currently unknown outside
the discovery of a few diagnostic artifact types. This includes several Clovis points found in the
Abiquiu Reservoir area, a few Folsom points located in Ancho and the upper White Rock
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Figure 2.3. Lower Rio Chama chronology. Redrawn from Duwe 2020.
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Canyons, and a solitary lanceolate Milnesand point identified in Bay Canyon of the Pajarito
Plateau (Anschuetz 1998; Steen 1977). In the Santa Fe region, one Eden point has been
identified in the lower basin of the Arroyo de los Frijoles. While the evidence is scant, these
artifacts nonetheless suggest that a transitory population utilized the northern Rio Grande for
travel, resource acquisition, and possibly seasonal residential occupation (Vierra 2008).
Evidence of Early Archaic occupations are equally rare in the Lower Rio Chama Valley,
and include projectile points in the vicinity of perennial water sources and arable land (Cordell
1989:304; Lang 1979:20-22; Schaafsma 1976:147). Additional evidence for resident populations
begins during the middle and late Archaic Period along the Ojo Caliente (Lang 1979), the Rio
Grande, and the Pajarito Plateau (Vierra 2008) Residential sites on the Pajarito Plateau reflect
seasonal movement between high and low-elevation resource areas (Vierra 2008). The
population increased during the Late Archaic after 3000 B.C. as populations grew and began to
exploit a wider variety of environmental zones (Irwin-Williams 1973) and experimenting with
cultigens as a reliable food source (Post 2013). Dispersed Late Archaic populations have been
identified archaeologically in the Lower Rio Chama (Schaafsma 1978), Santa Fe area (Lang
1988; Post 1994), and Pajarito Plateau (Vierra and Ford 2007).
Developmental Period (A.D. 900-1200)
Archaic patterns, especially seasonal occupation and a limited cultivation of maize,
continued into the Developmental Period along the floodplains of the Santa Fe and Rio Grande
rivers (Post 2013; Vierra 2008). Some evidence for increased sedentism, which seems to have
originated during the Late Archaic, spread throughout the northern Rio Grande (Anschuetz
1998:10). The Lower Rio Chama Valley was likely a hunting or foraging area (Beal 1987:17)
during this time, given that only one Developmental site has been confirmed in the region
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(Anschuetz and Scheick 1996). Early excavations at Kapo’owingeh (Luebben 1953) did find
pithouse architecture under the adobe rooms that was thought to be an earlier occupation, but the
associated ceramics reflect construction and occupation during the 13th century (Beal 1987:17;
Duwe 2011). This suggests little to no population in the Chama Valley during this time. Instead,
most of the early Developmental sites are in the Albuquerque and Santa Fe districts (McNutt
1969; Post 2013) and in the upper Pecos Valley. These residential sites usually include one to
three shallow circular pithouses with surface storage rooms located on terraces overlooking
rivers and floodplains (Cordell 1979a; Stuart and Gauthier 1981). These strategic locations
would have provided easy access to horticultural lands if residents were practicing a mixed
strategy of part-time farming, hunting, and gathering (Anschuetz 1998:13).
The number of residential sites grew in the Albuquerque and Santa Fe districts during the
late Developmental Period (Frisbie 1967; Lang 1980; Mera 1940; Wetherington 1968) and
occupation spread into the Taos area as well (Woosley 1986). Architecture transitioned from
semi-subterranean and circular structures to above ground, rectangular pueblo units in the Santa
Fe district (Wendorf and Reed 1955:140). Simultaneously, settlement size increased, and surface
storage rooms became more common (Anschuetz 1998:15). Kivas also began to appear at small
residential sites, suggesting the beginning of community integration (Post 2013). The range of
occupied environmental settings also expanded. Cultivated fields and associated structures
spread into the major river basins of the northern Rio Grande, especially the mountain slopes
overlooking the Rio Grande and Santa Fe river floodplains (Dickson 1979; Post 2013). Groups
also settled at higher elevations in the Cochiti Reservoir area of the Pajarito Plateau (Stuart and
Gauthier 1981) and in the Tijeras Canyon area of the Albuquerque district (Cordell 1979a).
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Coalition Period (A.D. 1200-1350)
The Coalition Period witnessed large cultural shifts in the northern Rio Grande and in the
Rio Chama watershed. The beginning of the period marks the transition from organic to mineral
paint in local ceramic production (Wendorf and Reed 1955). Santa Fe Black-on-white ceramics
appear for the first time as the diagnostic type during the earlier Pindi Phase (A.D. 1200-1300)
(Habicht-Mauche 1993; Wendorf and Reed 1955) and are most similar to the ceramics from the
San Juan region (Mera 1935). This change in paint technology coincides with a similar shift
across the Southwest, but it happens more suddenly in the northern Rio Grande (McNutt 1969).
Wiyo Black-on-white characterizes the later Galisteo Phase (A.D. 1300-1350) of the Coalition
Period (Wendorf and Reed 1955).
Several changes in material culture at the beginning of this period reflect a level of
regionalization, expressed as alliances or connections between villages, similar to what is seen at
Arroyo Hondo near present day Santa Fe (Habicht-Mauche 1993) and along the Pajarito Plateau
(Ruscavage-Barz 2002). In addition to changing ceramic styles, the northern Rio Grande also
experienced an increased diversity of local wares across many districts (Cordell 1979; Lang
1982; Stuart and Gauthier 1981). This change is reflected in architectural patterns during the
Galisteo Phase as well. Quadrangular adobe pueblos appear with above ground oval or D-shaped
kivas in the corners of roomblocks in the Santa Fe district (McNutt 1969; Stubbs and Stallings
1953), but on the Pajarito Plateau, Galisteo Basin, and Pecos areas, habitations still retained
elements of the Developmental Period with small, linear masonry structures and stone-lined
floors (Wendorf and Reed 1955). Evidence of ritual elaboration in kivas, shrines, and rock art
also supports new forms of community integration (Anschuetz 1998; Snead 2008).
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In sum, population trends drastically changed during the Coalition Period, especially in
the Chama Valley. Significant and rapid population growth is seen in the increase of the number
and size of residential sites (Orcutt 1999; Ortman 2010b; 2012). As population grew, people
began to aggregate into larger, year-round settlements at higher elevations (Wendorf 1953a).
Most Coalition sites were located along small drainages with easy access to perennial water
sources and good agricultural land (Anschuetz 1998), likely because of a reliance on cultivated
plants to feed a growing population. Evidence of intensified agricultural practices is further
supported by the appearance of cobble-grid and terraced gardens, checkdams, and reservoirs near
sites (Cordell 1979a).
Pueblo occupation did not grow in the Lower Chama Valley in any significant way until
the mid-13th century. Palisade Ruin, Riana Ruin, and Kapo’owingeh were founded during this
time and were occupied for relatively short periods. Both Palisade and Riana were small pueblos
of 20-100 rooms with kivas in a central plaza (Beal 1987:18; Duwe 2020: 124-125; Luebben
1953; Peckham 1953). Kapo’owingeh was a quadrangular pueblo. Some researchers have
suggested that evidence for combined aggregate and accretional growth at these sites indicates
that they were planned by a founding group with later individual additions (Beal 1987:18).
Lower Chama Valley populations were not substantial until the late 12th century. These groups
may have originated from the Pecos and Santa Fe areas (Anschuetz and Scheick 1996) or were
migrants from the San Juan region (Ortman 2012:325). Tsama’owingeh is the earliest dated
Coalition period site and it persisted well into the Classic and possibly Historic periods.
Tsiping’owingeh was established later and was the largest village of the Coalition Period (Duwe
2011).
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Classic Period (A.D. 1350-1600)
The Classic Period is further defined by population coalescence, or the aggregation of
regional populations into fewer, but larger, sites. Researchers have attributed this reorganization
in settlement to declining environmental conditions (climate change or increased
unpredictability), heightened competition and conflict, and/or migration of new settlers into the
area (Beal 1987; Duwe 2011, 2020; Fallon and Wening 1987; Jeançon 1923; Wendorf 1953).
Coalescence not only is a function of rapid demographic growth into larger, sometimes
multiethnic settlements, but also includes defensive strategies and infrastructure that reduce
inter-community conflict, regional economic interactions that involve intensified craft
production, and increased community integration and collective or centralized leadership at the
village level (Kowalewski 2006). Environmental degradation, competition, and conflict are all
cited as reasons for coalescence in the northern Rio Grande (Fallon and Wening 1987; Jeançon
1923; Towner and Salzer 2013; Wendorf 1953a).
Patterns in material culture originating during the late Coalition Period continued during
the Classic as well, especially the regionalization of ceramic styles. Locally manufactured glaze
wares appeared during this time and spread rapidly throughout the Santa Fe, Albuquerque,
Galisteo, and Salinas districts (Mera 1935). Biscuitwares, Abiquiu Black-on-gray and Bandelier
Black-on-gray, dominated in the Chama, Pajarito Plateau, and Taos districts (Harlow 1973; Mera
1934), reflecting some affinities with the Coalition era Wiyo Black-on-white type (Anschuetz
1998:21).
Villages at high elevation sites, such as the Pajarito Plateau, also declined with residents
settling along permanent water courses (Anschuetz 1984; Dickson 1979) in the lowland Cochiti
area (Orcutt 1999), the Rio Grande (Barrett 2002), and the Rio Chama (Duwe 2011; Ortman
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2010b, 2012). Agriculture was the dominate subsistence practice of these shifting groups. As
Anschuetz summarizes,
“Despite the persistence of the Pueblo foraging economy during the Classic period,
available archaeological evidence indicates overwhelmingly that the northern Rio Grande
populations confronted heightened subsistence risk as they occupied an increasingly
narrow range of environmental settings for year-round habitation. Rich archaeological
evidence testifies to the fact that groups intensified their agricultural practices and storage
of seasonal crop surpluses… to buffer their risks.” (Anschuetz 1998:22).
However, fauna and native plants in the archaeological record indicate that hunting and
gathering were still essential. Increased trade during this period was likely a critical strategy to
minimize risk. For example, the manufacture and use of ritual paraphernalia required exotic
materials. Obtaining these materials from neighboring groups likely drove intensified craft
production while sustaining inter-pueblo exchange (Ford 1972a; Snow 1981; Wilcox 1984).
The Classic Period was also the time of greatest occupation in the Lower Rio Chama
Valley. A few of the large pueblos were initially constructed in the early A.D. 1300s with more
widespread and larger buildings added during the A.D. 1370-1400 period. Most of this
construction occurred in previously unoccupied locations along the Rio Chama and its major
tributaries, the Ojo Caliente, El Rito Creek, and the Rio del Oso (Beal 1987:19; Duwe 2011).
According to Duwe (2011), construction of the larger, sprawling pueblos such as
Ponshipa’akedi’owingeh, Posi’owingeh, and Sapa’owingeh was accretional and likely the
product of gradual aggregation of disparate groups. The later, compact pueblos Ku’owingeh,
Te’ewi’owingeh, Hupobi’owingeh, Howidi’owingeh, and Poshu’owingeh suggest that
subsequent villages were planned, constructed, and occupied by cohesive groups likely coming
from the Pajarito Plateau and joining people in the Rio Chama (Duwe 2019; Duwe 2020:158).
Dating the construction sequences and relative depopulation of the Lower Rio Chama
Valley has been difficult due in no small part to the lack of tree-ring data as compared to the rest
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of the Pueblo World (Duwe 2011). Ramenofsky and Feathers (2002) attempted to use
luminescence dating of surface ceramics to date the Ancestral Tewa depopulation of the Lower
Rio Chama Valley, but this method is imprecise and cannot account for subsequent visits by
previous residents to their ancestral villages (Walt 2014). Mera’s (1932) ceramic chronology,
which provides the original date ranges for the ceramics necessary for the mean ceramic dating
method, also faces several methodological issues. Primarily, Mera assumed a stair-step sequence
of types with depopulation as the final step. This has created a ceramic chronology with an
artificial ending date based heavily on Spanish accounts of Tewa population distributions
(Ramenofsky and Feathers 2002). Refinements to the black-on-white typology (Duwe 2011;
Habicht-Mauche 1993) have improved the estimated chronology for the ceramic sequence and
consequently, the estimated occupation span for Rio Chama Valley villages. Duwe (2011) and
Eiselt and Darling (2013) have utilized mean ceramic dating with this more accurate chronology
to estimate dates for the Tewa occupation. However, this indirect dating method is limited, again,
by the lack of tree-ring dates.
What is certain about ancestral Tewa populations is that they peaked in the Lower Rio
Chama Valley around A.D. 1480 (Duwe 2011:289). Coalescence continued during the late
fifteenth to mid-16th century, leading to movement out of the lower Chama and into the historic
villages encountered by the Spanish along the Rio Grande (Duwe 2011; Ramenofsky and
Feathers 2002). The cause behind the subsequent depopulation of the Chama has been attributed
to the impacts of continued coalescence (Duwe 2011), climatic degradation (Ramenofsky and
Feathers 2002), and disease (Ramenofsky 1988).
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Sapa’owingeh
Sapa’owingeh (Figure 2.4), the focus of this project, would have been one of the first
villages at which occupants of the Rio Chama watershed aggregated during the early Classic
Period (Duwe 2020:157-158). This Classic Period village is located on a low terrace on the west
bank of El Rito Creek, almost 8 miles north of the confluence of the creek with the Rio Chama.
The El Rito drainage is prime agricultural land with a large floodplain and a nearby piedmont
alluvial terrace (Eiselt 2019). Today, the site is situated primarily on State of New Mexico lands
with a small portion on private property. The Tewa, especially Ohkay Owingeh Pueblo, claim
Sapa’owingeh as an ancestral village (Walt 2014), and it is one of 12 stops in the Pueblo’s
traditional migration history (Parsons 1926:58). Until recently, Sapa’owingeh was visited during
pilgrimages because of its ancestral status. History records that residents left the village directly
for Yunque’owingeh or Ohkay Owingeh Pueblos some time prior to Spanish contact (Walt
2014:23). Sapa’owingeh is possibly one of “four strong pueblos in the craggy lands” (Hammond
and Ray 1940:339-340) that was reoccupied for short durations during the Historic Period when
the Tewa fled Ohkay Owingeh prior to the arrival of the Coronado expedition in 1541
(Schroeder 1979:250). The presence of a few Historic Period ceramic types and a single
colonoware sherd support possible reoccupation episodes in the early to mid-1600s or early
1700s (Eiselt and Darling 2013 6:12). The site is included in Harrington’s (1916:144) detailed
list of named pueblos in Tewa memory, but no English translation is provided. Windes and
McKenna (2018) call it “Place of the Rushing Waters” but do not provide a source for this
translation. Walt (2013:22-23) reports that Ohkay Owingeh elders believe “sapa” may translate
to “little snow balls.” A similar term, “saap’a” refers to tobacco.
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Figure 2.4. Sapa’owingeh plan view map. Redrawn from Bardé (1969) and Windes and
McKenna (2018).

Sapa’owingeh has been described by Bandelier (1892:51) and Hewett (1906:40; 1938:28)
as the largest adobe pueblo in New Mexico. It is certainly the largest site in the Rio Chama
watershed with approximately seven plazas (three of which are completely enclosed), 24
contiguous and noncontiguous roomblocks, 2,541 estimated rooms, and 22,298 m2 of living
space (Beal 1987:92; Duwe 2013:A4.39). The large and numerous plazas may have been
necessary for large events encompassing residents and neighbors, such as communal feasts,
dances, or other social gatherings (Eiselt 2019). Distributions of ceramic type frequencies across
the site reflect accretional growth (Duwe 2013:A4.39), indicating constantly fluctuating social
space as inhabitants moved their residences to different portions of the village as well as the
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influx of new residents into the community over time. Roomblocks were usually established with
the construction of a set of core rooms consisting of two tiers of three parallel walls, with
fireboxes in the rooms facing the plaza (Windes and McKenna 2018). The walls were primarily
coursed adobe with cobble footings, although a short section of masonry wall was constructed in
the far eastern portion of the site in Plaza D. Doorways, vents, firepits, wall niches, painted
plaster, and floor cists and depressions are common interior features (Beal 1987:92). When
adding second stories, residents plastered over the original fireboxes, converting the lower room
into storage or turkey pens. New ground floor rooms were constructed toward the plaza (Windes
and McKenna 2018). Archaeologists have estimated up to three stories for some portions of the
site (Beal 1987:92). Porticos were common along the peripheral rooms for covered outdoor
activity areas and turkey pens (Ellis 1964; Windes and McKenna 2018). Ellis’s crews excavated
eleven kivas at the site, although the village is estimated to contain up to 23 kivas based on large
circular depressions in the plazas (Windes and McKenna 2018).
Residents of such a large village would have required an extensive amount of cultivated
land to support its population. This is evident in the high number of garden plots that extend in
all directions from the pueblo. Survey efforts have located a complex of field houses, irrigation
systems, mulch gardens, and limited activity areas to the east of the nearby town of El Rito
(Bandelier 1892:52; Tjaden 1979; Skinner 1965) and throughout the Rio Chama Watershed
(Eiselt et al. 2017).
Ceramic analysis and tree-ring dating provide an occupation date of A.D. 1385 to 1525
for Sapa’owingeh as a large village, but a small number of early tree-ring dates indicate a likely
Wiyo Phase (A.D. 1300-1350) occupation as well (Duwe 2020:155). Ceramic identifications
established the site as a “biscuit ware” occupation early on (Mera 1934:4). Previously, the site
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has been difficult to date because of its large size, long temporal span, and small number of treering dates (34 total, nine cutting) (Duwe 2013:A4.29; Windes and McKenna 2018) in addition to
a general lack of temporally diagnostic glazewares at the site. However, recent and more refined
occupation histories show that most of the roomblocks and associated plazas were established
during the latter half of the 14th century (Duwe 2013:A4.40), and that the population peaked at
over 2,200 people during A.D. 1450-1500 (Eiselt and Darling 2013:4.34).
Sapa’owingeh Research
Despite its size and importance to understanding Classic Period Tewa occupation of the
Chama Valley, relatively little is known and understood about Sapa’owingeh. In the 1960s
Florence Hawley Ellis conducted six seasons of field schools under the University of New
Mexico. Over 250 rooms and eleven kivas were excavated, and the surrounding landscape was
subjected to limited survey. Ellis was interested in the origins of the Sapa’owingeh residents and
addressing questions about migration and Tewa origins (Ellis 1964). As a result, she focused
extensively on ritual material culture and kiva architecture to investigate what she thought
provided strong evidence for continuity between the Rio Chama and northern Rio Grande sites
(Windes and McKenna 2018). She also collected pollen samples and sent them to James
Schoenwetter, who conducted a paleoenvironmental reconstruction to investigate ecological
changes in the vicinity of the site (Schoenwetter 1965). The results of these excavation efforts
are largely unpublished and have fallen into obscurity until recently. The collections and
archives, which include field notes, maps, and student reports, are currently housed at the
Maxwell Museum of Anthropology.
Prior to the collections making their way to the Maxwell Museum, Sapa’owingeh was
minimally researched. It was included in the sample of sites for Creamer and Haas’s Northern
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Rio Grande Research Project, which aimed to refine the temporal histories of the large pueblos in
the region (Creamer and Haas 1988; Creamer et al. 2002). The pueblo has also been included in
studies of settlement patterning (Fowles 2004; Ramenofsky and Feathers 2002). Recently,
Sapa’owingeh contributed to population reconstructions and momentary population estimates for
the Rio Chama (Duwe et al. 2016; Eiselt and Darling 2013). This project mapped the Pueblo in
detail through unmanned aerial vehicle (UAV) photography, and it calculated roomblock volume
to estimate total room count and population changes over time.
With the transfer of collections to the Maxwell Museum of Anthropology, material
culture studies have increased, including the present study (Brown 2005; Burger et al. 2014;
Steele 2018; Stewart 2018). All these studies and a new excavation site map have been
summarized recently by Windes and McKenna (2018). The size of the site, its occupational
history, and the extensive excavations that occurred in the 1960s provide an ideal opportunity to
examine the emergence of institutions related to hunting and animal management in the context
of Tewa coalescence. The faunal assemblage consists of over 14,000 fragmentary and whole
bone elements, the bulk of which are included in the present study as detailed in Chapters 5 and
6.
Origins Debate
Before leaving this discussion of Sapa’owingeh and the role it has played in
understanding Tewa history, it is worth detailing the history of research into Tewa origins. This
is necessary because if food security was a factor in the development of Tewa practices, then it
may have played a role in the origins of the ancestral villages as well. Opinions on the origins of
the Ancestral Tewa fall into three camps. Some believe the 13th century population increase was
the result of migration out of the San Juan region and into the Tewa Basin with migrants
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absorbing the local population (Crown, Orcutt, and Kohler 1996; Jeançon 1923; Reed 1949;
Snead, Creamer, and Van Zandt 2004). Others maintain that growth was internal and the result of
endemic population growth (Boyer et al. 2010; Lakatos 2007; Steen 1977; Wendorf 1953a;
Wendorf and Reed 1955). Another group of researchers take the middle ground, arguing that the
Tewa emerged as the result of several migrations merging with indigenous populations to form a
new hybrid identity (Anschuetz 1998; Cordell 1995; Duwe 2011; Fowles 2004a, 2004b; HabichtMauche 1993; Ortman 2010a, 2010b, 2012).
This debate continues today because we lack enough archaeological data for a detailed
picture of prehistory. Survey coverage of the Tewa Basin is low and excavations, especially of
the larger villages, are underreported (Duwe 2011:238). There is also the issue of researchers
interpreting the available data differently (see Ford et al. 1972), and changing positions
depending on the kind of evidence that is employed (see Reed 1949 and Wendorf and Reed
1955). Some of the earliest research focused on Tewa oral traditions, which speak to movement
south from an ancestral home in the Mesa Verde region (Ellis 1967; Harrington 1916:564; Ortiz
1969; Parsons 1939). These traditions are usually cited as hard evidence in support of migration.
While still relied upon as essential evidence, recent opinions caution that social memory is
complex, but that at the very least, movement was important to Tewa ethnogenesis (Ortman
2012:200).
From the perspective of historical linguistics (Reed 1949), the differences in recorded
terms between Tiwa, Tewa, and Towa do suggest that Tewa had become a distinct language by
the A.D. 980-1100 period, meaning that it was spoken somewhere else, likely in an ancestral
form, prior to the depopulation of the Mesa Verde region (Ortman 2012:167). To determine if
Tewa could have been spoken by Mesa Verde occupants, Ortman invokes early recorded oral
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traditions. Utilizing the linguistic work of Harrington (1916:565) and Jeançon (1925), he shows
that there is substantial evidence that the named Tewa ancestral village Phaap’in in oral tradition
is actually Yucca House (5MT5006), one of the last sites occupied in the Mesa Verde region
during the late Pueblo III Period, A.D. 1240-1280 (Ortman 2012:184-186). Ortman further
argues that Mesa Verde metaphorical expressions of the world as a series of containers is
reflected archaeologically in the construction of villages in both the Mesa Verde region and the
Tewa Basin and that these concepts also are embedded in the Tewa language (Ortman 2012:246248). This provides compelling clues for connections between the Mesa Verde region and the
northern Tewa that is supported by archaeological evidence for rapid population rise in the
northern Rio Grande at around the same time that Mesa Verde was depopulated.
Mesa Verde populations peaked sometime around A.D. 1225 and gradually declined over
decades until A.D. 1285 (Varien 2010) while the Tewa Basin population began to grow
exponentially between A.D. 1200 and 1350 (Ortman 2012:77), seeming to signal an immigration
event from a Mesa Verde homeland. Utilizing population reconstructions, archaeologists argue
that the rate of increase in the Tewa Basin is exponential and cannot be explained by intrinsic
growth or aggregation (Cordell 1979; Cordell et al. 2007; Habicht-Mauche 1993; Jeançon 1923;
Kidder 1924; Reed 1949). Reconstructions show that growth was modest during the
Developmental Period, that population doubled during the early Coalition, doubled again in the
late Coalition, and returned to modest but steady growth during the Classic Period (Ortman
2012:82-83).
Arguments against the migration theory utilize much of the same archaeological data but
interpret it as the intrinsic growth of local populations. Many believe that population
reconstructions (Duwe et al. 2016; Eiselt and Darling 2013; Ortman 2012) underestimate the
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initial population during the Developmental Period. Boyer and colleagues (Boyer et al. 2010)
similarly state that the material culture patterns of the Pueblo IV Period in the northern Rio
Grande support an indigenous, long-term cultural development. They affirm that the population
models ignore much of the Developmental Period data (Crown, Orcutt, and Kohler 1996; Dean,
Doelle, and Orcutt 1994) and therefore underestimate the number of households already
established in the region during this time.
Architecture is perhaps the strongest and most relied upon argument for the intrinsic
growth camp. Charlie Steen, while working on the Pajarito Plateau (1977), concluded that there
was no evidence of foreign architecture in the region, refuting the idea that kivas in the northern
Rio Grande are indicative of the Mesa Verde influence. A later study by Steven Lakatos (2007)
examined the northern Rio Grande in its entirety. Lakatos concluded that the continuity in
architectural patterns and the presence of community architecture during the Developmental
Period reflected local developments, arguing for a south-to-north expansion following the spread
of Developmental Period communities into other previously unoccupied areas of the Tewa
Basin. This growth and spread of the local populations eventually lead to the later settlement of
the Rio Chama Valley, the Pajarito Plateau, and the Galisteo Basin. Fred Wendorf and Erik Reed
(1955) also focus extensively on pottery and the absence of “Mesa Verde features,” by which
they mean architectural patterns. They state that the lack of benches, pilasters, recesses, and a
southern orientation in kivas does not support migration as the source of population growth.
Regardless of these debates, what is clear is that the northern Rio Grande population
began to grow during the 13th century. The contemporaneous depopulation of the Mesa Verde
region suggests that at least a portion of that population joined the indigenous people of the
northern Rio Grande. This population increase, whether primarily migration or intrinsic growth,
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would have compounded the social stress associated with aggregation and coalescence, including
memories of past food insecurity in both the Mesa Verde and northern Rio Grande regions. In
the chapters that follow, I argue that threat of future insecurity events would have guided the
formation of Tewa institutions and practices (Ortman 2016). Reviewing these potential origins of
food security creates an understanding of the historical processes behind of the development of
Tewa institutions and the practices guiding resource use. Recent theorizing about food security
help to contextualize these processes and develop a set of expectations for the archaeological
record.

Pueblo IV Coalescence and Food Security
Recent archaeological studies demonstrate that incorporating the human element into
studies of food stress can elevate research beyond simple dietary questions that focus on scarcity
or abundance. Coalescent societies are also commonly, although not exclusively, characterized
by multiethnic settlements, defensive strategies and infrastructure that reduce inter-community
conflict, regional economic interactions that involve intensified craft production, and increased
community integration and collective or centralized leadership at the village level (Kowalewski
2006). There is no question that these factors also played a role in food security, and it has long
been argued that all of them presumably worked together in the northern Rio Grande to create
economic, political, and community “well-being” for over two centuries prior to Spanish contact
(Ortman 2016a). Duwe and Anschuetz (2013, see also Anschuetz 1998:439; Duwe 2016) have
further argued that an elaborate system of field and village border shrines emerged with
intensified agricultural production during the Classic Period in the Lower Rio Chama Valley.
These “social and ideational technologies” existed alongside agricultural practices as cohesive
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institutions that coordinated farming activities, managed access to fields, and mitigated tensions
associated with ecological uncertainty. These social and ideational technologies represent
tangible evidence for the infrastructure that was required to support and maintain Tewa food
security.
Similar technologies and practices likely accompanied the intensification of animal
procurement and management as well. However, the lack of systematic study of archaeological
faunal assemblages, particularly in the Lower Rio Chama, is limiting because the patterns of
animal utilization and the role of protein resources in Classic Period subsistence and the nature
of resource availability in coalescent communities in the Chama Valley are unknown (see Akins
2013). However, research throughout the Southwest during the Pueblo IV and preceding periods
does provide a good foundation for a study of Tewa food security. A brief review of this research
reveals how animal subsistence is currently understood and what zooarchaeology can contribute
to a better understanding of food security.
These studies have shown that decreased access to large game is one consequence of
physical aggregation and population growth, which result in the alteration of hunting methods to
include greater search and travel times for procurement and increased use of small game. The
most cited explanation behind these changes is anthropogenic alteration of the environment and
resource depression. The latter often associated with overhunting in the immediate area
surrounding settlements, but other factors are also implicated (Schollmeyer and Driver 2013). As
agricultural communities became more sedentary and aggregated, they increasingly relied on
large mammals for protein (Driver 2002; Speth and Scott 1989). Spielmann and Angstadt-Leto
(1996) explain that this is expected because significantly more rabbits than deer are necessary to
meet the protein demands of a large community given that it takes 51 rabbits to yield as much
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protein as one deer. Because of this overreliance on large game during times of population
growth, the availability of artiodactyls decreases in the immediate areas of large villages. Under
these conditions, hunters would have to travel farther to maintain access to large game or shift
their hunting strategies to focus more heavily on small-bodied animals (Driver 2002; Speth and
Scott 1989).
Turkey remains also increase in the faunal assemblages from Pueblo II Period (A.D. 9001150) sites in the northern San Juan and they remain high throughout the Pueblo III Period (A.D.
1150-1300). This suggests that domesticated birds were utilized to supplement the lack of larger
game (Driver 2002; Munro 1994:150; Rawlings 2006:192), a strategy that is also evident in the
archaeological record of the Rio Grande (Lang and Harris 1984:100; Spielmann and AngstadtLeto 1996). This diversification of species in faunal assemblages, also seen at late Hohokam sites
in the Salt and Middle Gila River basins, is indicative of intensified resource use leading to
resource depression (Dean 2007). Faunal assemblages from these and other aggregated sites
similarly show that large-bodied animals were used more intensively in these contexts. Skeletal
elements from archaeological assemblages are more fragmented and display higher frequencies
of burned elements, indicating an increase in bone processing for marrow and grease production.
Bone marrow is high in fat and phospholipids, both of which are necessary for proper human
nutrition, and it is an important source of calories and nutrients when meat intake is otherwise
low. Moreover, even though this level of intensification is more common at large sites where
animal resources were in short supply, those villages that maintained high levels of trade in
Plains bison (Bison bison) products, such as Gran Quivira, show that fresh meat was preferred
when it was available (Potter 1995).
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In addition to resource depression and intensification, the availability and composition of
wild game resources would have been impacted by available moisture in the environment and
fluctuations in temperature, human landscape modifications for farming and settlement, and the
direct exploitation of plants and animals that would have altered pre-existing population
distributions (Driver 2002, 2011; Szuter and Bayham 1989). This alteration is most noticeable in
smaller mammals, which zooarchaeologists have emphasized given that they are an important
compliment to agricultural resources and activities (Szuter and Gillespie 1994). It is more
profitable to hunt smaller mammals that are typically closer to the village and the fields than to
travel farther for larger game because cultivated plants require high levels of labor and time
(Dean 2001). Focusing specifically on lagomorphs, Szuter and Bayham (1989) argue that larger
villages tend to have a lower ratio of cottontails to jackrabbits because people have altered the
surrounding environment for agriculture, resulting in less ground cover for cottontails who prefer
thicker vegetation to hide in while jackrabbits prefer more open areas to run. Human traffic and
agricultural practices result in a local environment that favors the larger leporid and a
corresponding shift in jackrabbit exploitation (Driver 2002; Szuter and Bayham 1989).
Dean (2001) offers a somewhat different perspective. She suggests that rabbit drives and
small game continued to provide most of the nutritional needs of the Silver Creek community in
Arizona because they were reliable and readily available. In contrast, large mammals were
necessary to support large-scale feasting and other community-wide events. She argues that
increases in the number of these events during the Pueblo IV Period accompanied higher
frequencies of large game in archaeological assemblages. The resulting change in assemblage
composition is the result of choices and resource needs, not resource depression (Lupo and
Schmitt 2005).
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It also is important to understand how animal resource use contributed to community
cohesion during coalescence because animal protein not only would have been essential to
feasting and other communal activities (Dean 2001), but it also provided several key nutrients for
burgeoning populations relying primarily on maize. Animal protein is a primary source of iron
and Vitamin B12 in human diets. Maize, while high in carbohydrates, lacks these essential amino
acids and iron (Spielmann and Angstadt-Leto 1996). Moreover, archaeological studies have
demonstrated an overall decrease in health after aggregation, especially during the Pueblo IV
Period, for communities relying on maize while also experiencing declines in large game (Szuter
and Bayham 1989).
Tiffany Clark (1998b) has examined this issue and explored the impacts of food shortage
on the human experience through her research on temporal change in the relative frequency of
artiodactyls to lagomorphs at Arroyo Hondo, Gran Quivira, and Grasshopper Pueblo. Late faunal
assemblages at Arroyo Hondo suggest a decreased availability of deer and increased use of
prairie dogs (Cynomys sp.) and squirrels, perhaps to supplement dwindling protein resources. At
Gran Quivira, large game low utility elements decrease through time as high utility elements
remain stable, suggesting that hunters gradually had to travel farther for game because local
resources were overhunted (Clark 1998b). During the later occupation at Grasshopper Pueblo,
the number of small mammals, especially lagomorphs, and immature artiodactyls increased in
tandem with the fragmentation of large mammal remains. This pattern suggests that resources
were utilized more intensively because of limited local availability (Clark 1998b; Olsen 1990).
Clark (1998b) also utilized osteological analysis to test for anemic responses to nutritional stress
from a low protein diet. She found that anemic responses in human remains were higher in the
later period at Arroyo Hondo and possibly at Gran Quivira. While the occurrence of anemic
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responses was stable at Grasshopper Pueblo, an increase in incidences of Harris lines in tooth
enamel do suggest more dietary stress during the later period. Clark (1998b) concluded that the
decrease in locally available animals for consumption may have been the result of increased
aggregation and sedentism during the Pueblo IV Period, but that the effects of resource
depression on health, and therefore the human experience, were variable. In short, the faunal
assemblages reveal that the populations in these villages experienced periodic or prolonged
periods of food insecurity during late occupation, possibly because of aggregation on locally
available animal food resources.

Summary
The Lower Rio Chama Valley of the Tewa Basin holds a unique position in Pueblo
history. While utilized by populations since soon after the peopling of the Americas, it was not
until relatively late in human history that the area was intensively occupied. Paleoindian and
Archaic occupations likely traveled through this region to access wild plant and animal resource
areas, but large populations did not appear until the Coalition Period. Whether this boom in
growth was from Mesa Verde migrations, the result of intrinsic growth, or the integration of
local and migrant populations, the population nonetheless shifted to larger villages rather rapidly
starting in the early 1300s. Evidence for the regionalization of material culture and practices
suggest the development of increased ethnic differentiation along the Rio Grande and its
tributaries as one likely outcome of coalescence, population growth, and a shared ritual and
economic landscape. In the subsequent Classic Period, the Tewa Basin population peaked, and
villages continued to grow leading up to Spanish Contact when most of the population of the
Chama Valley moved south to Ohkay Owingeh and Yunque’owingeh near present day Española.
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Archaeological research has focused intensively on architectural patterns, agricultural
practices and their associated features, and the migration and origins of populations in
investigating the social and economic histories of the Tewa in the Lower Rio Chama Valley.
However, as detailed above, researchers understand relatively little about animal management
practices, food security, and the role of these practices in Tewa socio-religious institutions that
continue to persist to this day. Nor do we understand how issues of food security shaped the
history of coalescence and the emergence of Tewa identity in the past.
This chapter has also shown that the concept of food security is not new to archaeology,
but it has yet to be examined with the goal of illuminating the human experience. Decades of
research shows that human aggregation had the capacity to stress and alter local environments to
the point of suppressing local fauna populations and necessitating shifts in hunting strategies and
foodways. This means that humans must have suffered at some level from the lack of protein in
the diet. In the chapter that follows, I will show that, when combined with ethnographic data,
zooarchaeological indices and other observations on the distributions of animal products can
provide a framework for examining fluctuations in food security. Chapter 3 details the social
organization, practices, and institutions of the Tewa that manage food and animals, and it
develops the material correlates and expectations that enables me to examine these practices and
institutions in the archaeological record.
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CHAPTER 3
PUEBLO ETHNOGRPAHY AND TEWA FOOD SECURITY

“Rather than viewing ethnohistorical and ethnographic sources as simple analogs for
directly reconstructing the past, they should be viewed as revealing of the time when they
were recorded, as end sequences of long-term developments in Native societies”
(Lightfoot 1995:205).

Introduction
Ethnography provides a wealth of information on Tewa food security and animal use
management that northern Rio Grande archaeologists have yet to fully explore. Ethnographic
research has had a long history in the American Southwest, and oral histories and historic
narratives play key roles in understanding how the residents of the modern Pueblos are linked to
a deeper ancestral past (see Ware 2017). Given what we know about the Tewa past, previous
archaeological studies have produced limited evidence to investigate if and how Tewa social and
religious institutions promoted food security during the Classic Period. The distribution of large
mammal elements at Pueblo IV sites in the Mogollon Rim suggests that large game were
processed communally in the plaza and then distributed throughout the village. The simultaneous
increase in large game at the sites supports the conclusion that community events, especially
feasting, may have acted as a mechanism for the redistribution of food (Dean 2001; Potter 2000).
Similar events and practices were recorded ethnographically among the Tewa (Ford 1968,
1972b; Ortiz 1969). We can therefore infer that ethnographic data are not only relevant to a study
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of ancestral Tewa food security, but they are also vital to our understanding of the role that
institutions and social collectives have played in the history of Tewa “becoming” (Duwe 2020)
and how these systems operated in the past.
Ethnographers working in the Northern Rio Grande have recorded how various
institutions and regulatory mechanisms redistributed food throughout the community, restricted
food use for some individuals in order to provide for others with greater need, and prevented
misuse of limited surplus during times of food shortage (Ford 1968). During the early 1900s the
Tewa still supplemented agricultural crops with gathered plants, collecting their favorite herbs
and ruderals when they were in season (Robbins et al. 1916:76), but by the end of the 19th
century, even homegrown foods were increasingly replaced by American store-bought goods.
Households also no longer stored food to such a great extent, and poor crop yield years were
commonly offset by participation in a new cash economy, especially for families living closer to
towns. Variety in diet likewise declined as household members joined a seasonal workforce that
took them far from their fields (Robbins et al. 1916:77). By this time, both Native and Spanish
cultivars were viewed as traditional foods and both played equal roles in the subsistence cycle
and food redistribution ceremonies (Ortiz 1969; Robbins et al. 1916:76). If the historic period is
understood as the result of centuries of historical change (Ware 2017), and that Pueblo history is
best thought of as an historical process that is “continuous through change” (Duwe 2020:19),
then it is possible to see that active management of food security during the historic period was
the bi-product of deeply rooted and inalienable practices of Traditional Ecological Knowledge
(TEK) that should be evident at Ancestral Tewa sites in the Chama Valley; at least in broad
terms. Tewa ethnography and history are not “frozen in time.” Rather, the argument presented
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here maintains that the emergence of Tewa practices pertaining to food security constitutes a
distinctive subsistence heritage has deep roots in the lands of the Rio Chama watershed.
This chapter has several goals. The first is to establish how Pueblo ethnography is
relevant to interpreting the Ancestral Tewa archaeological record at Sapa’owingeh. The second
is to detail Tewa understandings of animals and food in anticipation of Chapter 5, which
demonstrates variations in Sapa’owingeh food security over space and time through analysis of
zooarchaeological food remains. The third goal anticipates Chapter 6 and the analysis of the
modified tool and ritual faunal assemblage. It details the ways in which Tewa institutions and
practices may be manifested in the archaeological record.

The Relevance of Ethnographic Data
Ethnographies and oral histories are vital to our understanding of the recent past,
particularly in the American Southwest where collaborations between descendant communities
and archaeologists are not only typical, but they are also the norm (Duwe 2020; Ford et al. 2005;
Ware 2017). These projects aim to give greater weight to Native Science, Tewa knowledge, and
ways of knowing in the context of scientific interpretations, showing in the process that
indigenous views are often more appropriate to interpreting archaeological patterns than Western
or scientific ones (Fowles 2010; Swentzell 1991). Incorporating TEK (Cajete 2000) into
archaeological interpretations also acknowledges the shared past of Tewa communities (Duwe
2020:7) and is especially powerful in establishing deeper connections to natural and cultural
resources that are claimed by traditional communities today. TEK and ethnographies can inform
diachronic perspectives, illuminate descendant relationships, and reveal historical processes that
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continue up to the present (Ware 2017). This includes Pueblo strategies for food security as they
are described in the ethnographic literature on Tewa ethnoecology.
TEK is essential to ethnoecology, which is the study of “…ecological processes, or
functional relationships, and people’s perceptions of their own roles within environmental
systems,” (Berkes 2018:58). The ways in which individuals and collectives understand their
environmental surroundings shapes their behaviors and their interactions with plants and animals
(Ford 1968:3). By creating correlates to identify the presence of these behaviors in the
archaeological record, we can investigate how a group managed the predictable and
unpredictable aspects of their natural and social environments in the past (Ford 1968:20),
especially those strategies intended to ensure food security or to mitigate stress in times of
famine. Paul Minnis’s (1985) study of food stress in the Rio Mimbres region of southwestern
New Mexico is one example. In it, he demonstrated that a high degree of social integration and
complexity in the Eastern Pueblos may have been a response to food insecurity (Minnis
1985:195).
Modern concepts of food security and evidence for similar food managing mechanisms in
the archaeological record can be related to the key structuring elements of Tewa society; a
moiety division, the Hunt Society, and regulatory mechanisms. Ethnographically known
practices related to the maintenance of food security are evident in the social institutions
controlling the procurement of animal resources and are important aspects of Tewa
ethnoecology, but these institutions are rarely considered in archaeological studies of
coalescence. Instead, past research in the northern Rio Grande and elsewhere has focused almost
exclusively on agricultural production and the mitigation of risk in the context of growing
population during the Classic Period (Anschuetz 1998; Anschuetz et al. 1985; Maxwell and
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Anschuetz 1992; Eiselt et al. 2017; Moore 1992; Skinner 1965; Ware and Mensel 1992). The
importance of hunting and the role of animals during coalescence therefore has been
underestimated relative to agriculture when Pueblo communities could not have survived without
both (Henderson and Harrington 1914:1; Hill and Lange 1982:47; Lange 1959:124). Gregory
Cajete (2000:169) further observed that animal husbandry science as practiced by the modern
Tewa and other “Native ecologists” goes beyond the domesticated sphere. He argued that Tewa
institutions for managing the environment extend to all the natural connections that exist
between humans and animals that also must be attended and managed.
In discussing these Tewa institutions and the role of food security in their creation, the
current study relies heavily on Ohkay Owingeh ethnography, but this reliance is justified in part
based on the deep history of stewardship by the Pueblo over their ancestral lands in the upper
and lower Chama Valley, including Sapa’owingeh (Eiselt and Darling 2013; Walt 2014).
Research on Santa Clara (Hill and Lange 1982) also provides necessary corroborating evidence
on Tewa practices. The subsistence cycle and dual organization described here are regulatory
mechanisms that bring conceptual order and physical structure to Tewa life, but also function to
control access to resources and promote food security within a community. In instances where
Ohkay or Tewa ethnographies do not suffice, especially regarding specific species identified in
the Sapa’owingeh assemblage, information is drawn from relevant Keres, Tiwa, or Western
Pueblo groups.

Tewa Animal Uses and Meanings
Lévi-Strauss’s (1963:89) oft-quoted aphorism that some animals are “good to eat” while
others are “good to think” highlights the need to summarize Pueblo uses and notions of animals
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before discussing Tewa institutions. For instance, sacred animals like eagles were never eaten
because of their ritual associations, at least as reported by elders to ethnographers. In general, use
of and access to all animals were highly regulated across Pueblo cultures. The Tewa controlled
some animals down to the distribution of individual portions of meat (Hill and Lange 1982:53).
Appendix B provides a detailed table of Sapa’owingeh fauna and codes for animal uses
and meanings identified from several ethnographies (Curtis 1926b; Ford 1972b; Henderson and
Harrington 1914; Hill and Lange 1982; Parsons 1926, 1939; Ortiz 1969; Tyler 1975, 1991). The
codes identify whether animals and their byproducts were used for curing or medicine,
ceremonial paraphernalia, dance regalia, food, offerings, personal adornment, secular clothing or
accessories, tools, toys, or weaponry. Codes pertaining to “meaning” indicate animals with ritual
associations, those that lend their names to clans, and color and direction associations. The listed
species are restricted to those that are present in the Sapa’owingeh assemblage. In instances
where the ethnographies do not discuss an identified animal, no code is assigned. Occasionally,
ethnographies identify animals at a higher taxonomic level, such as the general category of deer
instead of mule or white-tailed deer. The characteristics and uses that are listed in Appendix B
are extrapolated to the species level when appropriate. Below, I summarize some of the common
or unique Sapa’owingeh taxonomic identifications that were particularly important to the Tewa
in their daily and ritual thought.
Food Mammals
It is safe to assume that most mammals were viewed as food sources, although some were
pursued specifically for raw materials besides meat, and others were merely kept as needed.
Small food animals such as hare and cottontail and larger ones like elk, deer, pronghorn, and
bison also were necessary for daily clothing, hides and blankets, dance regalia, tools and
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weaponry (Henderson and Harrington 1914; Hill and Lange 1982; Tyler 1975). The antlers of
deer and other Artiodactyla were supposedly left at hunting shrines, but they also were needed
for ceremonial headdresses and to produce billets and hammers for stone tool production (Hill
and Lange 1982:50).
Other small mammals also were viewed as food but were not as commonly examined in
the context of food studies. Beaver (Castor canadensis) and pack rat (Neotoma sp.) are
nonetheless common in the assemblage, and these species were Tewa food animals (Hill and
Lange 1982:54). Also present is porcupine (Erethizon dorsatum) which was hunted for its quills
for making needles, and for adornments during the historical period (Hill and Lange 1982:54).
Other rodents include several species of the prairie dog. The prairie dog is large for a small
mammal, is easy to capture, and would have been encountered frequently, especially in fields
where they were most likely killed as pests in addition to food (Hill and Lange 1982:54). The
pocket gopher (Thomomys sp.) also is well represented in the assemblage and was probably
exploited opportunistically, much like the prairie dog.
Secondary Consumers
Generally, secondary consumers, especially carnivores, were not typically viewed as
edible (Henderson and Harrington 1914; Parsons 1939) but were hunted for other needs. This
applies to animals such as wolf, fox, coyote, eagle, and hawk (Hill and Lange 1982:40). Wolf,
fox, and coyote play important roles in the creation of the first Hunt Chief (referred to as
Mountain Lion) in the Tewa creation narrative (Ortiz 1969:14). At Ohkay Owingeh and Taos, a
coyote cry is interpreted as a warning of approaching enemies (Tyler 1975:175). Fox skins also
remain important for dance regalia today and are commonly worn by male dancers as skin
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pendants (Roediger 1941:136). Wolf pelts were preferred in the production of arrow quivers
(Hill and Lange 1982:54).
Bear and mountain lion, who also play clear roles in Tewa ritual, were eaten occasionally
and under special conditions, and sharing their meat was limited to immediate relatives (Hill and
Lange 1982:45). Skunk is another omnivorous secondary consumer that was eaten solely as
medicine (Hill and Lange 1982:45). Neither mountain lion nor skunk were identified in the
Sapa’owingeh assemblage. Bobcat also was occasionally eaten, and the hides were used for
dance regalia, quivers, robes, and clothing (Hill and Lange 1982:54).
Bear is rare in the Sapa’owingeh assemblage. This is expected based on ethnographic
accounts of its use and disposal (Gnabasik 1981:20), but its presence is notable because it is a
powerful animal that plays important roles in Tewa curing and warfare narratives (Parsons
1926). Hunting bear was highly ritualized and so was consumption. The hunters and others that
engaged in eating bear took special care to disguise themselves so that they could not be attacked
by other bears in retribution. Hunting was usually done communally and deliberately to satisfy
safety concerns and to give proper attention to preparation, but upon chance encounter, bear also
might have been taken opportunistically. Beyond consuming the meat, albeit ritualistically, bear
hides were used for robes, bedding, and rugs (Hill and Lange 1982:45).
Based on collected stories, badgers were most valued for their ritual representations and
uses (Tyler 1975:1), although Hill and Lange (1982:55) indicate that it was not an economically
important animal. Henderson and Harrington’s (1914:24) consultants were impressed by the
animal’s energy in fighting and digging. Among the Hopi and Tewa, the badger was a curing
animal (Parsons 1939:64, 190), and its use was associated with the Kachina religion.
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Weasels had similar connotations. Bandelier reports a Marten clan at Ohkay Owingeh
(see Henderson and Harrington 1914:23). Among the Tewa, the Weasel People were a group of
hunters that cleaned the hunting shrines to prepare for the hunting cycle. Ortiz writes that the
group was named the “Weasel People” because the animal’s changing coat color was a symbol
of the changing of the seasons (Ortiz 1969:112). Hill and Lange (1982:54) list weasel hide as a
source for making hair ties and leather wraps for braids.
“Food” Birds
Turkey undoubtedly was the most widely consumed bird in the pre-Columbian American
Southwest. Their presence within late Pueblo archaeological assemblages is ubiquitous,
especially in towns like Sapa’owingeh, whose residents raised these domesticated birds in large
numbers. The turkey also fulfilled many daily and ritual needs besides food. Bones were used for
making tools like awls and ceremonial paraphernalia like whistles, feathers were woven into
blankets and tied to prayer sticks, and the bird itself was closely associated with the earth and
springs (Henderson and Harrington 1814; Hill and Lange 1982; Lipe et al. 2020; Tyler 1991).
Besides turkey, additional “food birds” are identified in the ethnographies and the
Sapa’owingeh assemblage. These include the Galliformes (Phansianidae) species, including
squailed quail (Callipepla squamata), Montezuma quail (Cyrtonyx montezumae), greater sagegrouse (Centrocercus urophasianus), dusky grouse (Dendragopus obscurus), lesser prairie
chicken (Tympanuchus pallidicinctus), sharp-tailed grouse (Tympanuchus phasianellus), and the
mourning dove (Zenaida macroura). These birds were mainly a protein resource but also
provided feathers for regalia (Henderson and Harrington 1914:34; Hill and Lange 1982:56).
Doves were associated with rain and pools of water, suggesting other uses besides food (Tyler
1991:105). Interestingly, not all of these birds are native to the environment surrounding
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Sapa’owingeh. Sharp-tailed grouse would have been found on the Plains (Stowers 2017) and was
possibly traded in or brought back by hunters on bison hunts. The greater sage-grouse would
have been found in southern Colorado (Manchak 2001) and was likely brought back to the
village through trade or from a long-distance hunting trip.
During certain months migratory water birds were abundantly available in the northern
Rio Grande and were likewise a desirable food item. Beyond their seasonal availability, the meat
of these birds was usually redistributed to Winter moiety mothers when their children were
welcomed into the moiety during their first year of life (Ortiz 1969:33). Among them was the
sandhill crane (Grus canadensis), which had an important role as guardian of clowns and
kachina dancers (Tyler 1991:129).
“Feather” Birds
The Tewa hunted many wild birds primarily for their feathers as offerings and in dance
regalia. Hill and Lange (1982:54) claimed that bird hunting at Santa Clara was minimal and that
birds did not contribute much to the diet. However, Ford stated that wild birds were eaten
seasonally in significant numbers while also being trapped for their feathers (Ford, personal
communication 1980 in Lang and Harris 1984:59). This discrepancy is most likely due to the fact
that the distinction between “food birds” and “feather birds” was slight and not as defined as
most ethnographers and archaeologists believed. Additionally, unused portions of the birds were
meant to be deposited at shrines like hunted mammals (Hill and Lange 1982:55), thereby
potentially minimizing their appearance in the archaeological record.
This class of birds also is the most taxonomically diverse. American crow (Corvus
brachyrhynchos) and common raven (Corvus corax) feathers were used in kachina masks, but
there is very little information in the Tewa specific ethnographies about their associations (Tyler
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1991:174). Jays were snared for feathers and likely eaten (Hill and Lange 1982:57). Magpies
(Pica sp.) were also captured for feathers and may have stood for the Winter people (Hill and
Lange 1982:58). The American robin (Turdus migratorius) and horned lark (Eremophila
alpestris) were trapped for food, but the latter was only available during the winter (Hill and
Lange 1982:59; Tyler 1991:135). Woodpeckers were necessary for prayer feathers, although
there are no reports that they were eaten (Parsons 1939:275).
Hunting Birds
Buteoine hawks are common in Pueblo IV assemblages and at Sapa’owingeh are present
as Buteo sp., red-tailed hawk (B. jamaicensis), rough-legged hawk (B. lagopus), ferruginous
hawk (B. regalis), and Swainson’s hawk (B. swainsoni). Other common raptors include the
northern goshawk (Accipiter gentilis), Cooper’s hawk (Accipiter cooperii), golden eagle (Aquila
chrysaetos), hen harrier (Circus cyaneus), bald eagle (Haliaeetus leucocephalus), turkey vulture
(Cathartes aura), great horned owl (Bubo virginiaus), burrowing owl (Athene cuniculara), and
American kestrel (Falco spaverius).
Like the mammalian carnivores, Tewa use of these secondary consumers, known as
“hunting birds” or “meat-eating birds” (Henderson and Harrington 1914; Tyler 1991), was
guided by Tewa characterizations of these animals. Raptors were regarded as hunters and their
feathers were highly valued for fletching, especially the red-tailed hawk, Cooper’s hawk, sharpshinned hawk (Accipiter striatus), and turkey vulture (Hill and Lange 1982:56, 57). Tewa use of
falcons, such as the American kestrel, prairie falcon (Falco mexicanus), and peregrine falcon
(Falco peregrinus) is unclear in the ethnographies, but they were most likely needed for their
feathers, much like the larger birds of prey (Hill and Lange 1982:57). They are significantly
smaller than the other carnivorous birds and were not usually thought of as hunters. Instead, they
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were characterized as “young initiates” (Tyler 1991:198). Owls, while also raptors, were not
common in Tewa religious narratives. Ethnographic data indicate that they were avoided because
of their evil connotations, and that they were used by witches alone (Hill and Lange 1982:57;
Parsons 1939:136; Tyler 1991:157).
Golden and bald eagles held a special place in all Pueblo narratives and ritual activities.
The Tewa recognized that these birds were rare in the environment, and they saved their feathers
for special occasions, such as elaborate dance regalia or prayer sticks (Hill and Lange 1982:56).
To the Tewa, eagles were all seeing creatures because of their place in the sky and in the zenith
of the celestial sphere. They were the hunters that fly over fields and catch the many animals that
destroyed Tewa crops (Tyler 1991:39, 49). Tewa along the Rio Grande referred to the bald eagle
as the “Chieftain Bird” because of its white head and preference for water (Tyler 1991:43). This
tie to water also was reaffirmed at death. Captive eagles were placed back into the waters of the
Rio Grande after they died (Hill and Lange 1982:57). If this is an ancestral practice, bald eagles
should be rare in the Sapa’owingeh faunal assemblage despite the overwhelming evidence of
their importance to the Tewa.
The ethnographic evidence compiled in Appendix B shows that many different meanings
were attributed to animals based on origin myths, cultural prohibitions, and natural behaviors
(Tyler 1975, 1991; Ortiz 1969). These associations and characterizations, along with the
enduring environmental stewardship role of the Tewa, guided ritual and economic use of animals
and their parts. This demonstrates that it is impossible to label these creatures as merely “food”
versus “thinking” animals. Instead, their many overlapping uses and meanings reveal important
aspects of Tewa TEK and ways of knowing that emphasize the many interconnections that define
the natural world, and not just the animals within it.
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The Tewa World and Animal Management
As discussed above, Tewa ethnographies have focused heavily on one pueblo in
particular, Ohkay Owingeh. Archaeologists and anthropologists believe that Ohkay Owingeh is
one of the more “traditional” of the Tewa communities (Figure 3.1) in terms of social and
religious ideologies, and that their ritual organizations have been the least affected by Western
culture (Ford 1968:23). This is not to say that Spanish colonization, European diseases, and the
reservation system did not have a major impact on Ohkay Owingeh socio-political and religious
institutions, but neither can it be assumed that these events thoroughly destroyed the deep ties
that the Pueblo continues to maintain with ancestral places, practices, and beliefs that are
inexorably tied to the Chama Valley (Duwe 2020; Ford and Swentzell 2015; Harrington 1916;
Ortiz 1969; Walt 2014).
In the early to mid-1900s, when most Tewa ethnographic studies were conducted, the
household was the basic productive unit in the Tewa pueblos. Subsistence needs were not always
met by farming, gathering, and hunting due to variability in rainfall, temperature, animal
reproduction, disease, and human population (Ford 1968:1). Ohkay Owingeh in the 1960s did
not produce a substantial cultivated surplus, resulting in some variation in productivity and food
stress across households (Ford 1968:161; Ford 1972b). Some families experienced periodic food
stress throughout the year while others were food secure. Due to the moiety system, there was no
central political authority to force the redistribution of food from more to less productive
households (Ford 1968:74). Instead, ceremonial activities and social or familial obligations
functioned to mitigate resource stress and to increase access to food stores within the
community.
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Figure 3.1. Modern Pueblos of the northern Rio Grande and their relation to nearby cities.
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Social Organization and the Subsistence Cycle
At the highest level, Tewa communities were organized into Summer and Winter
moieties, and members were placed into them at a young age for life, except in a few
circumstances. These moieties maintained a dual division in society, whose organization has
time depth that is visible in the archaeological record through the distribution of villages, the
organization of roomblocks around large public spaces, and associated kivas and shrines
(Bernhart and Ortman 2014; Duwe 2011, 2020; see also Fowles 2013). This dualism was the
foundation of Tewa society and was present especially in the division between the agricultural
and hunting seasons in the ritual calendar and subsistence cycle (Ford 1968:39; Ortiz 1969:4).
During late February through September the Summer Chief, the moiety head, was the
ritual leader who oversaw activities related to the agricultural season and for the cultivation of
crops. All economic and ritual activities were focused on a successful harvest and on providing
enough food for everyone. After the autumnal equinox, leadership was transferred to the Winter
Chief, and the Tewa entered the hunting cycle until the following February. Access to wild game
was permitted during this time and the ritual cycle dictated the timing of ceremonial events, the
use of animal products for those events, and other related subsistence activities. Hunting was not
permitted during the agricultural cycle unless it was an organized (and sanctioned) communal
rabbit hunt, although garden hunting for rabbits, pack rats, and prairie dogs was permissible
before the summer solstice, after which the fields demand more attention (Ortiz 1969:111-115).
This division was firm. As Alfonso Ortiz pointed out, “…it is only hunting that is conducted
regularly and intensively during the autumn and winter months, and it is only hunting which is
given regular and repeated ritual recognition during this period (1969:113).
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While heavily embedded in ritual, Ford argued that the Tewa subsistence cycle was
primarily concerned with food security. In his ecological analysis of Ohkay Owingeh, he
postulated that the social institutions of Tewa society were created primarily to prevent the
misuse of resources (Ford 1968:1). If this was the case, it was likely that such practices
originated from a history of cycles of food insecurity in the past. The Tewa further believed that
ritual and mundane actions greatly influenced the rhythm of nature. The ritual calendar
represented the “annual cycle of works” for ritual leaders and was meant to regulate the inherent
features and timing of hunting, farming, gathering, and trade to ensure the health of the
environment and fair access to food for all the residents of related villages (Ford 1968:144; Ortiz
1969:99-102).
Hunting Institutions and Practices
Sodalities operated within this dual organization by providing non-kin-based
organizations with special functions and responsibilities (Ware 2014:26). Ritual leaders within
these sodalities, known as the Made People, were entrusted with the ritual calendar that dictated
the timing of community and communal activities in relation to the subsistence cycle. The Hunt
Society and the Hunt Chief, the latter leading the former, oversaw the ritually prescribed animal
dances, prohibitions, and offerings that ensured the abundance of game and prevented overconsumption or other activities that would negatively impact the recovery of wild animal
populations. In so doing, they also played an important role in managing equal access to animal
resources. Tewa origin narratives further stated that the Hunt Chief held a preeminent political
position as a mediator between the two moieties because hunting, as a generally male activity,
once crosscut dual social organization (Curtis 1926b:7; Ford 1968:36; Ortiz 1969:36-37; Parsons
1939:249-253). The Hunt Chief helped to choose and install new moiety heads (Ford 1968:43),
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and in the Tewa origin narrative, it was the Hunt Chief that assigned the first moiety heads by
giving them an ear of white corn (Ortiz 1969:14).
Among other responsibilities, the Hunt Chief also acted as game warden, determining
how, when, and who could access animal resources on village hunting tracts (Ford 1968:36).
While the transition of leadership to the Winter Chief signaled the beginning of the hunting
season, it was the Hunt Chief that ritually sanctioned hunting activity by sending a small group
of hunters (the Weasel People), to clean and leave offerings at the deer earth navel. This hunting
shrine was located at the transition between the large game habitats of the uplands and the
lowland farming areas. The ritual cleansing was meant to draw the animals out of the uplands
and closer to the villages to facilitate their capture. Following this ritual, the first hunting event
of the season was a communal rabbit hunt. Rabbit hunts typically took place in the fields
surrounding the village in the four cardinal directions. Figure 3.2 is an illustration of Isleta
hunters and dancers returning from a communal rabbit hunt, a scene that also would have been
common at Ohkay Owingeh during these times. Afterwards, hunters could pursue animals freely,
though larger game was usually hunted by groups and only with the permission of the Hunt
Chief (Ford 1968:36; Ortiz 1969:112).
Hunting was an essential subsistence activity during the historical period, and all fully
initiated Tewa males hunted during the recent past. The only time it was forbidden was during
the period leading up to and during the winter solstice. Individuals preparing for, or participating
in, a ceremony were also prohibited from hunting. Historically, hunting partners traveled to the
hills and lower mountain canyons to pursue deer, elk, and beaver (Ford 1968:36). Birds were
trapped and rabbits and rodents were hunted in fields by single hunters (Ford 1968:139). Men set
traps in the vegetation along nearby rivers to snare summer songbirds for feathers needed in
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Figure 3.2. Isleta hunters and dancers returning from a communal rabbit hunt (reproduced from
Parsons 1962:Painting 71).

ceremonial paraphernalia. The fall and winter plants along these rivers also attracted migratory
birds, particularly sandhill cranes, geese, and ducks, that were (and still are) highly valued (Ford
1968:140). Bluebirds (Sialia sp.), robins, horned larks, and doves were snared in dormant
agricultural fields during the winter season. Quail also was hunted frequently (Ford 1968:36).
Once the hunting prohibition commenced during the agricultural cycle, hunters shunned
the consumption of meat, believing that it was no longer palatable due to the mating season.
Hunters also avoided killing pregnant females to ensure plentiful game populations during the
following season (Ortiz 1969:113). Ethnographies further document that men and boys did fish
in the acequias, but fishing contributed little to subsistence (Ford 1968:34-35). It also should be
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noted that this lack of fish in the diet extends into the pre-Columbian past, especially at
Sapa’owingeh where only two fish bones were identified during the analysis of the fauna.
The Hunt Chief, the activities he controlled, and the beliefs he propagated constitute
institutions and practices that manifested from a TEK ethic of accountability to nature that was
born from a responsibility to preserve, protect, and perpetuate animals (Cajete 2000:164).
Additional prescriptions over the treatment of animal remains were similarly concerned with the
future abundance of game and were social and ideational technologies concerned with food
security and the management of wild resources, much like those concerned with farming.
According to Ortiz (1969:112), the remains of all animals that were not otherwise utilized for
crafts, ritual paraphernalia, or food must be deposited at an earth navel so that animals would
continue to be plentiful for the Tewa. The same practice was documented at Santa Clara by Hill
and Lange (1982). Non-food uses of animal parts for everyday and ritual uses also were
numerous and the economic importance of animal bone, tissues, feathers, and hide were directly
related to other forms of security (economic, political, community, and personal) that have long
been recognized as critical to the integrative activities of coalescent communities (Kowalewski
2006).
Regulatory Mechanisms
As a regulatory mechanism built into principal Tewa institutions, the ritual and
subsistence cycle further served to promote the responsible exploitation and consumption of
animals. For example, the transition between seasons allowed the surrounding environment to
recover from a period of intensified use. Animal populations, particularly species that breed less
often and give birth to a smaller number of young each year, such as larger game, were depleted
during the hunting season. These populations were allowed to rebound, possibly through animal
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population movement or reproduction, during the agricultural season when deer and elk were
feeding in the mountains and when females were breeding (Ford 1968:199; Schollmeyer and
Driver 2013). These females were further protected by prohibitions against the hunting of
pregnant large game.
Individual ritual responsibilities also promoted the equitable use of animal resources. If
hunters took more than they needed, they were required to return the unused portions of a
carcass, whether left over from consumption or craft production, to the earth navel in order to
ensure that the Tewa spirits would continue to provide the people with food (Ford 1968:250).
Meat, cultivated foods, and crafts were traded for other necessary resources, but only after the
harvest and before the winter solstice ceremony. This ensured that the fields and associated ritual
obligations were properly attended to according to the ritual calendar (Ford 1968:37). These
ritual and economic responsibilities were, and still are, ethical imperatives that prevent the
intentional and unintentional destruction of resources for the community (Ford 1968:253).
Once an animal was procured, regulatory mechanisms also served to conserve and dictate
the redistribution of food resources. Some of these mechanisms included critical rites, such as
birth ceremonies, initiations, marriages, and calendric ceremonies that involved the exchange of
food for services as a fulfillment of reciprocal obligations. For example, the Winter Chief gave
meat, usually migratory birds, to mothers during the water giving ceremony for their children,
and in return the mothers gave cornmeal, wheat flour, or bread to the Chief and his assistants
(Ford 1968:52; Ortiz 1969:35). Midwives received food after birth and the subsequent naming
ceremony (Ford 1968:51). Community-wide feasts and ceremonies served to amass food in bulk
for distribution to the entire community, dancers, and spectators alike, and were common during
the hunting season when food supplies were low (Ford 1968:220). These ceremonies were
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crucial to mitigating the effects of seasonal availability of resources and hence community
survival – and as such – were embedded within the structure of Tewa society itself (Ford
1968:215; Ford 1972b).
Food also circulated throughout the year between households outside of ceremonial
contexts. After the fields were fully harvested, it was permissible for families that were facing
food stress to glean any leftover crops to supplement their own stores (Ford 1972b). Custom
further dictated that visitors to a household, especially children, were always fed if a meal were
being served, meaning that if food were lacking at home, an individual potentially could receive
supplemental food during their daily activities (Ford 1968:171).
Food restrictions, especially on meat, also served to regulate over-consumption. Postnatal
women, women in the late stages of pregnancy, and infants up to one year of age could not eat
“cold foods,” most importantly meat, because of the damage it could potentially inflict on
vulnerable or compromised bodies (Ford 1968:134). Men could not eat fresh meat, only dried,
when they were in ritual retreat before ceremonies or dances. Older people restricted their diets,
either fasting for several days or not eating meat during times of food stress, so that children
could be fed (Ford 1968:175).
While the relative success of these restrictions is unknown, Ford (1968) has shown that
the Tewa ritual and subsistence cycles, and the regulatory mechanisms built into them, did
function to redistribute food throughout the community and prevent the misuse of limited
resources. These institutions further ensured food security by creating access to a limited surplus
and promoting responsible use of the environment.
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Ritual Practices
Crucial to these described institutions are the many and diverse ritual practices that utilize
animals and their products as offerings and paraphernalia. The results of these practices, if
present or emerging in the northern Rio Grande during coalescence, should be identifiable in the
archaeological record. This patterning is not restricted to the faunal assemblage, although that is
the focus of the current project. Based on ethnographic studies and archaeological studies of the
Pueblo IV Period, I focus specifically on animal interments, caches of ritual paraphernalia,
ceremonial rooms, the production of dance regalia, curing implements, and musical instruments.
Interments. Animal interments are intentionally positioned deposits of remains that have
a purpose other than purely discard (Hill 2013; Muir and Driver 2002). Hill (2000) identified two
types of ritual animal interments in Southwest archaeological sites: ceremonial trash from
sacrifice or processing, or what Muir and Driver (2002) called ritual refuse, and dedications.
Faunal ceremonial trash can be identified as animal remains that amass within a particular
location as they are processed for feathers or the production of ritual paraphernalia (Muir and
Driver 2002). Dedications are purposeful placements of animals as offerings to fulfill a dedicated
need. Ceremonial trash is not in itself an offering. As stated by Hill (2000:379) it is, “…an object
whose use-life has ended, whereas an offering is an object that is intended to continuing
functioning…” (Hill 2000:379).
Descriptions of animal interment are not common in the Pueblo ethnographies, although
the Tewa and other Pueblo groups did dispose of animal remains in intentional ways that were
guided by their beliefs and relationships with the environment. Bald eagles were deposited in
rivers (Hill and Lange 1982:57) and the remains of hunted animals were placed in shrines, the
purpose of which was to ensure the plentiful return of those animals in the future (Ortiz 1969).
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Medicine men, who relied on bear for their curing abilities, buried their skulls at shrines as
offerings (Lange 1959:136). Archaeologically, these practices can be identified through the
interment of whole, partial, or fragmented animal remains in special contexts. These contexts
may be devoid of daily trash or include other special artifacts such as pottery, projectile points,
or crystals (Hill 2000).
Animal interment is better understood from archaeological findings. Pre-Columbian bird
interments in the American Southwest were most prevalent from A.D. 1000 to 1400 (Hill 2000),
but many different species of avifauna were ritually interred through time (Hill 2000; LaMotta
2006; Muir and Driver 2002). Bird of prey and carnivore interments were associated with
reflooring events at Chaco Canyon (ca. A.D. 1000), possibly as offerings to maintain spiritual
well-being and to recall similar events in the past (Kovacik 1998). Classic Mimbres (A.D. 10001150) communities used parrots and macaws as special, deliberate interments (Creel and
McKusick 1994). Whole or portions of articulated animals of many species were often included
in Homol’ovi (A.D. 1260-1400) floor deposits, suggesting that they served as offerings in room
closure ceremonies (Adams 2016). In the northern Rio Grande, interred birds were typically
birds of prey. An immature turkey vulture and an adult sparrow hawk were found during the
excavation of an Arroyo Hondo late Component I (A.D. 1300-1345) kiva, possibly as part of its
ritual closing (Lang and Harris 1984:60).
Turkey interments in the Southwest were relatively rare by comparison to other types of
interments (Hill 2000; McKusick 2001:47), but their widespread occurrence does indicate they
served important roles in ritual (Tyler 1991:78). These interments may represent birds that were
raised and killed for feathers and that were subsequently deposited as ritual trash, or those that
died naturally of old age or disease (Munro 2006). The presence of articulated turkeys also

77

supports the conclusion that these birds were not raised purely as a protein resource or as raw
material for tools. Hill (2000) concluded that birds harvested primarily for their feathers were
strictly ceremonial trash and that interring them may not have been a dedicatory or
commemorative act (see also McKusick 2001:48; Muir and Driver 2002; Walker 1995:73).
According to Hill (2000:364), once their use-life as a particular form of ritual technology had
ended, they were disposed of according to the cultural norms that dictated the treatment of ritual
objects of all types.
Dogs and other canids were utilized as dedicatory offerings in room closing ceremonies
(Hill 2000:364). Canid interments were found across the Southwest, primarily during
Basketmaker III (1500 B.C.-A.D. 400) to Pueblo I periods (A.D. 700-900) (Frisbie 1967),
although there are later instances, such as in a kiva at Arroyo Hondo (Lang and Harris 1984:89)
and at the Pueblo IV Period Pueblo del Encierro (Lang and Harris 1984:100). Lang and Harris
(1984:87) have stated that the decrease in canid remains after the Pueblo I Period indicates a
decline in their importance relative to turkey, which grew in importance as a type of food item
that was raised in bulk within the confines of the plaza. Nonetheless, dog interments were also
found in Pueblo II closed kivas (Gillespie 1975 in Emslie 1978) and they occurred as ritual
offerings or discarded ceremonial trash in Pueblo III to Pueblo IV kivas (Strand 1998).
Interestingly, co-interments of turkeys and dogs did occur, though they were exceedingly rare
(see Hill 2000 and references therein).
Caches. Archaeological deposits of ritual paraphernalia, large or small, are the result of
several practices, such as the retirement of ceremonial items, the end of ritual societies, or the
sealing of rooms. The storage of ritual items also can result in caches. Curing implements like
bear paws were stored in the private rooms of Isleta medicine men who own and use them as
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described by Parsons (1962:40). Typically, they were on display on the walls of a Town Father’s
house along with other curing paraphernalia (Parson 1962:136). Santa Clara Bear Society
members, who stored their corn mothers, stone fetishes, and other tools in a bear paw container,
kept the container against the wall near a door when not in use (Hill and Lange 1984:325).
Ritual paraphernalia also were purposefully cached during dedication ceremonies for new
structures or when closing rooms inhabited by recently deceased ritual specialists, such as at
Zuni upon the death of a religious leader in the 1690s (Mills 2008). Important ceremonial
paraphernalia also can be accidentally cached, as when a ceremonial leader dies. Parsons
(1962:10) recorded such an event at Isleta in 1940 when the hidden location of an important deer
hide bag containing the “lives” of all animals and humans was never discovered following the
death of the White Corn Chief. These ethnographic examples support the conclusion that
archaeological caches likely represent ritual items that were intentionally retired or accidentally
lost as the result of sealing a room or upon the death of a high-ranking person. Mills (2004,
2008) further argued that caches also may represent “inalienable possessions” or communallyowned sacred items that were utilized over many generations and “guarded” for safekeeping by
certain individuals.
Ceremonial Rooms. Ceremonial rooms are square rooms that were built into room blocks
and were found at many of the Tewa pueblos (Parsons 1939:9). At Zuni, ceremonial rooms were
inner rooms where paraphernalia was stored and rituals conducted (Parsons 1939:2-3). Pueblo
ritual societies tended to each have their own spaces for ceremonials and paraphernalia storage,
resulting in multiple ceremonial rooms within a village (Parsons 1939:686).
Rooms with unusually large caches of items have been interpreted as ceremonial storage
rooms by archaeologists working in the Southwest. These rooms contained paraphernalia that
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were considered powerful or dangerous, and thus access was restricted to only the most senior
society members (Gnabasik 1981:21; Mills 2004). The power of these objects necessitated their
caching when they were retired in order to protect the residents of the pueblo (Mills 2008).
Ballagh and Phillips (2014) stated that Pueblo IV ceremonial rooms can be identified through
architectural features as well as their artifact assemblages. These rooms were used for society
meetings, dance rehearsals, private rituals, and the storage of ritual paraphernalia. When
excavated, they typically revealed sealed doors, fire pits, murals, altars, storage shelves, pits, or
niches, and occasionally contained cached ritual items such as cloud blowers, flutes and whistles,
medicine stones, lightning stones, bone awls, medicine bowls, turquoise, kiva bells, crystals, and
faunal remains (Ballagh and Phillips 2014; Dozier 1965). Potter (1997) has further argued that a
higher diversity of animal species might be expected in domestic Pueblo IV rooms due to
increases in the size and volume of ritual activities during this time. Other researchers have
proposed that as ritual activities grew in scale, especially in the Pueblo IV Period, additional
space beyond the kiva may have been needed to house the many items associated with
ceremonial events (Adler 1993; Davis and Winkler 1975; Jeançon 1926; Skinner 1966).
Nonetheless, it is still difficult to separate “ceremonial rooms” from “domestic rooms.” In order
to make this determination, archaeologists should consider both the contents of the cache content
and its context in the room.
Dance Regalia. Tewa and other Pueblo groups today hold public and private ritual dances
to reaffirm traditional beliefs and to integrate social collectives within villages and across
communities (Sweet 2004:1). During these events, Tewa dancers “stand” for the supernatural
cloud beings, the Oxua, through dress and actions (Sweet 2004:8; Ortiz 1969:92-93). The many
complex components of their dance regalia, which include hide, fur, feathers, beads, plant
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material, and body paint, convey meanings to those that know and understand their associations
(Sweet 2004:11). Appendix B summarizes the animals that the Tewa used to make dance regalia,
including those that are present in the Sapa’owingeh faunal assemblage. These data reveal that
many different animals, in additional to those that are lacking in the assemblage, were required
to create the complex items associated with ceremonial dance.
Most of the mammals were used for their hide and hair. American beaver, coyote, bear,
bobcat, elk, deer, pronghorn, bison, and bighorn sheep (Ovis canadensis) were all sources of hide
that were dyed and used for clothing, fringe, masks, and animal impersonations (Roediger
1941:63). Most of these animals also were hunted for food and personal needs, so it can be
difficult to determine if an unmodified animal bone was used for one or the other activity, or
both at different times. Their presence in the archaeological record nonetheless indicates that
they were essential to Tewa life in some way.
Modified bone is another matter. Evidence for the creation of hide clothing and bedding
can be identified through skinning cut marks or other modifications and use wear marks on
bones and on tools. Bison hide and horns were used in the headgear for the Buffalo Dance, an
animal impersonation dance in which two dancers personified the American bison in a
celebration of thanksgiving (Roediger 1941:187). It was the only animal dance held in the
summer, as opposed to the winter, and is said to be Hopi in origin (Sweet 2004:36). The central
headdress included not only the horns of the bison tipped with downy feathers, but also the entire
mane, and attached at the back a fan of eagle wing and macaw tail feathers (Figure 3.3). Only the
horn cores and possibly attached cranial fragments would preserve in the archaeological record.
Deer antlers and pronghorn horns were similarly needed for dance regalia (Hill and
Lange 1982:50, 52). This included the headgear for the Deer Dance, a male only ceremony
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Figure 3.3. Buffalo dancer from San Ildefonso wearing an elaborate headdress made from bison
horn and hide, eagle wing feathers, and macaw tail feathers (reproduced from Roediger
1941:Plate 21).
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usually held in late winter, with permission of the Hunt Chief, to ensure hunting success (Sweet
2004:81). For more intricate headdresses, a portion of the skull with attached antlers was
integrated into an elaborate covering that also included hide, feathers, and spruce boughs (Figure
3.4) (Roediger 1941:158, Plate 27). Archaeologically, these should appear as antlers with the
pedicle and cranial portions still attached. The antlers may also exhibit some modification such
as grinding or grooving. Pronghorn horns would only be identifiable by the horn cores and
possibly attached cranial fragments. The crania may also bear evidence of the removal of horns
or antlers.
Fox pelt pendants (Figure 3.5) for male dancers were necessary for most dances. When
skinned for regalia, the entire hide was removed as a single piece and the paws and tail were
retained to preserve the more delicate or showy portions (Hill and Lange 1982:54; Roediger
1941:136). Evidence for fox pelt manufacture would only be identifiable in the faunal
assemblage through the presence of articulated paws and skinning cuts. Higher frequencies of
caudal vertebrae also may be present in assemblages. Based on hunting rules, it is expected that
most of the other portions of these animals would have been deposited at hunting shrines and not
in village middens (Ford 1968; Ortiz 1969).
Bird feathers also were crucial and most birds, with the owl and crow being notable
exceptions, were caught for ceremonial regalia (Henderson and Harrington 1914; Hill and Lange
1982; Tyler 1991). Turkey feathers were tied into the hair of dancers (Figure 3.5) (Garcia and
Garcia 1968), and summer songbirds were snared for their particularly bright feathers (Ford
1968:140). Feathers from many other species were utilized in headdresses, fans, and in animal
personifications. Golden and bald eagle wing feathers were used to construct the wings of Eagle
Dancers. Downy and tail feathers from the same birds were used in headdresses, on clothing, and
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Figure 3.4. San Juan deer dancer with a headdress of antlers and eagle feathers (reproduced from
Roediger 1941:Plate 27).

84

Figure 3.5. Santo Domingo dancer with a turtle rattle, indicated by arrow, tied behind his right
knee. Also note the pendant fox skin attached to the back of the waist wrap and trailing down
nearly to the floor (reproduced from Roediger 1941:Plate 20).
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as handheld wands or fans (Roediger 1941:167, 194). The presence of these species in the
archaeological record, particularly the raptors that were not food, provides supporting evidence
that they were captured for ritual use. Small songbird remains may bear cut marks from skinning,
but like the mammals, most of them should have been deposited at shrines (Hill and Lange
1982:55).
Wearable turtle rattles also were a key dance item, especially in the Ohkay Owingeh
Turtle Dance (Figure 3.5). Traditionally, the Turtle Dance was performed after Christmas and
near the winter solstice to mark the transition from one annual cycle to another (Ortiz 1969:105;
Parsons 1929:180; Sweet 2004:38). The dance was associated with fertility, youth, agriculture,
and rain (Sweet 2004:85). The dance may have been named for the turtle rattle or the fact that
the Tewa associated the turtle itself with rain because it lives in and near water or sacred springs
(Roediger 1941:145). The rattles were fitted to the back of the knee or angle with leather or cloth
straps and a fringe that was tipped by deer hooves. According to Roediger (1941:45), the sound
of the rattles was an appeal for the Kachinas to bring rain. Turtle rattles would appear in
archaeological assemblages as turtle plastrons and carapaces with drilled holes and possibly as
deer terminal phalanges with drilled holes. Turtle rattle construction is discussed further below.
Curing Implements. From ethnographies we know that medicine men utilized a variety of
ritual tools, including crystals, tobacco, water, and animal items, in curing rituals. Carnivore
paws were particularly powerful and were employed for a variety of ailments or tasks. Bear
paws, or “gauntlets,” were used to conjure the power of the bear in healing ceremonies or as
containers for other ceremonial equipment (Hill and Lange 1982:53). Medicine men at Ohkay
Owingeh, Nambe, Santa Clara, and San Ildefonso wore bear paws during ceremonies to pull
sickness from people, often in the form of old rags, sticks, and stones sent into them by witches
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(Curtis 1926b:16, 51; Hill and Lange 1982:333; Parsons 1929:226-227). To cure people from the
sickness-inducing fear of bears, medicine men slapped people with bear paws (Parsons
1939:191). Bear claws also were made into bracelets and necklaces or they were worn as charms
on shirts to gain the animal’s power.
Paws from other species, though not as common, were used for more specific cures and
rituals. At Cochiti, a shaman placed a dried mountain lion paw on a corpse to give the spirit
strength on their journey (Curtis 1926a:82-83). Hunters deposited mountain lion paws as
offerings at the Pecos Pueblo mountain lion shrine (Gunnerson 1998). At Isleta and Hopi, a
badger paw was waved over a woman in childbirth for quick labor because the badger emerges
and digs quickly (Parsons 1962:14). The Hopi also wore badger paw charms to protect against
sickness (American Museum of Natural History:Catalog No 50/9403). Weasel paws were used
by the Hopi for long labor because the weasel moves fast (Parsons 1939:416).
Not much is known ethnographically about Canis sp. paws, but they have been found in
ritual contexts at ancestral Pueblo sites. The excavation of a large kiva (Structure 901) at
Homol’ovi I uncovered a roof cache that contained a Canis sp. articulated paw along with other
fauna, beads, projectile points, and a crystal, suggesting a ritual deposit (Strand 1998:291). While
dogs and coyotes were not typical curing fauna (Henderson and Harrington 1914; Hill and Lange
1982), the known uses of other carnivores suggests that paws from these canids may have been
used in similar ways, consistent with their cultural associations.
Based on the archaeological and ethnographic evidence, curing paws can be identified
when the phalanges, metacarpals or metatarsals, and carpals or tarsals are found in situ in
anatomically correct positions. They may bear evidence of polish from use or cut marks from
disarticulation from the limb.
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Musical Instruments. Music and song were crucial Pueblo ritual practices, and many
ethnographies were dedicated to the study of Pueblo ceremonial music (e.g., Densmore 1938 and
1957, Gilman 1908, Kurath 1970, Spinden 1933, and Sweet 2004). Music also served to transmit
information, to express or conjure emotion, and to maintain religious beliefs (Brown 2005:2). By
examining Sapa’owingeh instruments, we can better understand the potential role that music
played in community cohesion during coalescence. Given that many of these instruments were
made from animal skeletal material, we also can explore the role of animals in ceremony and
dance. The primary instruments utilized to compose songs for dances were drums, flutes,
whistles, rasps, and rattles (Densmore 1957:3). Here, I focus on those that can be made from
animal skeletal material.
Flutes and whistles are any sound generating instrument in the shape of a simple tube that
can be made from a variety of materials including cane, wood, bone, shell, ceramic, metal, and in
modern contexts, plastic (Apel 1969:678). In musicology, flutes and whistles are classified under
the heading of aerophones, or wind instruments, “in which the sound-generating medium is an
enclosed column of air (Apel 1969:414). In most Pueblo whistles and flutes, vibrations are
produced when air passes across a sharp edge, or labium (Figure 3.6), causing the tube to vibrate
and create sound waves of different lengths (Apel 1969:413-414). The labium is a simple open
notch in the edge of the mouth-hole or a duct hole aperture (sound hole) that is positioned along
its length. The size of the sound chamber, the speed of the air, and the size of the sound hole
aperture determine the pitch. The two sub-classes, whistles and flutes, may be further
distinguished based on the location of the sound hole (central or end) and whether the hole is
drilled into the body to form a closed aperture or is cut into the blowing end to form an open
notch. The terms whistle and flute appear in the earliest ethnographic and archaeological
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literature of the American Southwest and speak to the functional capacity of these instruments to
produce sounds that can be applied musically.

Figure 3.6. Schematic of flute features and how they operate to produce sound. Air that is forced
into the sound chamber is directed to the labium with the help of a fipple plug. The air forces the
labium to vibrate, producing tones that are manipulated by covering the finger or tone holes.

Whistles are designed to produce a single tone and are characterized by the presence of a
single duct or sound hole (Brown 2005). The sound differs based on which end of the tube is the
blown end. The less common bitsitsi whistle is similar in that it produces a single tone, but sound
is created when blown air vibrates a membrane stretched between two concave and tightly bound
pieces of bone (Brown 2005:254). Ethnographically, bitsitsi whistles were said to be secreted in
the mouth and played during ceremonies to mimic animal calls. At the Zuni Mólawi ceremony
they were referred to as “rabbit tongues” and were used to call the lost Corn Maidens (Parsons
1939:380).
Early archaeologists referred to aerophone whistles as “turkey calls,” implying that they
were used for animal husbandry, hunting, and other secular (non-religious) activities (Cummings
1940:67; Jeançon 1912, 1923; Roberts 1931:138), even though ethnographers noted that whistles
were integral to many Pueblo ceremonies. They acted as “bird-calls” when played into medicine
or paint bowls filled with water in order to summon holy spirits (Dorsey and Voth 1901:40; Judd
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1954:304). In ceremonies imploring Water spirits, whistles were used to call the rain and served
as vessels to carry prayers (Harvey 1959:6; Parsons 1939:379-380; 566). During the Pueblo IV
Period, the production of whistles diversified to include a greater number of bird species,
especially hawks and owls. These birds were likely selected due to their associations and ritual
roles, but also for their body size. Their smaller size in comparison to the previously popular
eagles would have provided more options to produce a wider range of pitches (Brown 2005:247).
Flutes produce sound through the same mechanism but contain additional tone or finger
holes that run the length of the instrument, allowing players to produce multiple notes (Brown
2005; Payne 1991). Typically, the sound hole is located at one end of the tube and several tone
holes extend distally. Many bone flutes from Sapa’owingeh and other Southwestern sites also
contain a resin fipple plug that is placed inside the medullary cavity, just below the sound hole.
The fipple would have directed the air to the labium of the sound hole to produce a desired sound
(Brown 2005:152). As noted by Brown (2005:150), the length of the tube and the speed or force
of the air stream determines the number and frequency of pitches available for a given tube, with
flutes capable of producing a wider variety of pitches based upon the length of the tube relative
to the number of stops that are opened or closed during play. The overall timbre (what makes
instruments sound different from each other) is determined by how air eddies through a tube,
making it difficult to model the sounds that prehistoric aerophones could have made based on
measurements alone. Brown also noted that pre-Columbian Southwestern flutes were primarily
end-blown duct flutes most similar to the flageolet recorders originating in 16th century France,
but that the term “flageolet” as applied to Pueblo instruments (e.g., Kidder 1932:249) was
technically incorrect given that players need only supply the air into the tube, not direct it against
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a labium as with European duct or flageolet flutes. All Sapa’owingeh flutes are hand-held and
end-blown instruments.
Flutes often are assumed to be ritual paraphernalia based on 1) ethnographic accounts, 2)
the difficulty of raw material procurement and production, and 3) their rarity in comparison to
whistles. The most commonly known depiction among the Pueblos is, of course, the flute player
motif in pottery and in rock art, but flutes also were used in the Flute and Snake ceremonies
among the Hopi (Fewkes 1900:1003; Gilman 1908:vi; Tyler 1991:212, 216) and various
ceremonies associated with warfare by the Zuni (Cushing 1920:385; Parsons 1939:381). Men
played flutes as women gathered to grind corn for ceremonial events at Zuni, Laguna, and Tiwa
Rio Grande Pueblos (Densmore 1938:23; Parsons 1939:380; Underhill 1944:127).
Rasps, or “notched stick rattles” are a two-piece instrument. A bone or stick “rasper” was
rubbed along a notched bone or stick “rasp” to play the desired sound (Densmore 1957:3). The
rasp was usually rested on a resonator (Figure 3.7) and may be made of bone, antler, or wood
(Brown 2005:419). When examining the assemblage of Paa-ko from central New Mexico,
Lambert (1954:152) concluded that large mammal long bones with polish were likely raspers,
but also suggested that worn-out raspers may have been repurposed as fleshers or beamers. This
indicates that raspers would be difficult to recognize in the archaeological record. Bear long
bones were once used as raspers in the Hopi Walpi War Society kiva (Parsons 1939:383).
Southwest raspers were more commonly made from deer long bones, such as those played by
Isleta musicians in Figure 3.7.
Rattles are a type of percussion instrument that musicologists identify under the category
of shaken idiophone. Most of these are vessel rattles. Objects within them or tied to them strike
against each other when shaken during play to produce the percussive sounds. Southwest vessel
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Figure 3.7. Isleta musicians playing a rasp with a deer bone. The rasps rest on gourd resonators
on a bison hide (reproduced from Parsons 1962:Painting 162).

rattles were made from gourd, turtle shell, leather, clay, or leathery moth cocoons that were filled
with seeds, pebbles, or similarly sized and shaped material that produce the desired sounds when
played (Brown 2005:367). The Tewa commonly played turtle shell rattles and wore them as
dance regalia. As discussed earlier, hide strips (fringe) were affixed through drilled holes and
were hung with deer or pronghorn hooves. The dancer wore the rattle behind and below their
knee (Figure 3.5) using strips of hide to hold it in place (Roediger 1941:145-146). Each step on
that foot caused the hooves to strike the shell, creating the necessary music to accompany the
Turtle Dance and other ceremonial dances (Sweet 2004:86).
Historically, rattles were made of painted turtle (Chrysemys picta) and were traded to
Ohkay Owingeh by Santa Clara (Ford 1972b:Table 1), who may have maintained a population of
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painted turtles at the time. Painted turtle is indigenous to the Rio Grande, Pecos, and San Juan
River drainages (Degenhardt and Christiansen 1974; Gregoire 2020). Parsons (1939:384-385)
wrote that turtles were collected in the Rio Grande near Isleta “where turtles abound.” The
closest population to Sapa’owingeh would have been the confluence of the Rio Chama and Rio
Grande (Degenhardt and Christiansen 1974), roughly 20 miles southwest of the village.

Summary
Practices related to the maintenance of food security are evident in the social institutions
associated with the procurement of animal resources and are important aspects of Tewa
ethnoecology, yet they are rarely considered in archaeological studies of food stress and how
they relate to coalescence. This review of institutions and practices reveals that Tewa TEK has
deep roots and has been maintained to the present day. I have also shown that many of these
institutions and practices have material correlates that may be detected in zooarchaeological
assemblages as well as the contexts within which they occur, such as ceremonial rooms. To the
extent possible, the preceding literature review has detailed the ethnographic uses, contexts, and
meanings associated with a wide variety of animals, and it has provided critical information on
how hunting institutions were organized and structured, including the physical buildings, shrines,
and spaces (the infrastructure) associated with animal management, procurement, use, and
discard. The rich details associated with Tewa practices and the materiality of hunting enable me
to establish a number of archaeological correlates for a study of food security at Sapa’owingeh.
This close examination of traditional knowledge also reveals the ways in which Pueblo
groups thought about their environment and how this dictated their use of animals. Most
importantly, certain animals were only appropriate to hunt and safe to eat during certain times of
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the year or under clearly defined conditions, the role of many carnivores in the Tewa origin myth
precluded them from being food animals, and very few animals fell into a distinctly defined
“food” or “ritual” category. The ethnographies also show that the Tewa had very specific beliefs
about the subsistence cycle, when animals could be hunted, who could access resources, and how
animal protein was distributed. Similarly, animal products for ritual use were tightly controlled.
As the Ancestral Tewa population in the Lower Rio Chama Valley grew and settlements
became more concentrated, agricultural practices likely intensified and expanded, accompanied
by ceremonies that served to regulate planting as well as harvesting and field maintenance. These
and other practices related to the manipulation of animal products, such as the return of unused
meat and bones to shrines, indicate that food security must have been a concern during
coalescence and not just during the historical period, and that mechanisms, practices and
institutions aimed at maintaining food security may in fact have deeper origins in Mesa Verde
(Ortman 2016a), as discussed in the previous chapter. Therefore, the next chapter details how
this project will collect data on resource use through zooarchaeological methods and how food
security and animal management will be measured and compared to momentary population and
precipitation models to examine the development of Tewa institutions during Classic period
coalescence.
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CHAPTER 4
METHODS AND COMPARATIVE DATA SETS

“The laboratory and curation facility is where archaeologists can come into direct
physical contact with material evidence, not temporally constrained by the fleeting
encounter of excavation but in a sustained and systematic manner that has the capacity to
‘kick back’ against applied ideas, models, and theories” (Voss 2012:149).

Introduction
The Sapa’owingeh zooarchaeological collection is a “legacy collection.” According to
McFarland and Vokes (2016:161), “archaeological projects that are described as legacy
collections are generally older materials that do not meet modern ‘best practice’ curation
standards…” Their historical significance is related to the period, person, or institution involved
in data recovery, or they may be significant due to the rarity or importance of the site and the size
and scale of the data recovery operation. The integrity of legacy collections may be impacted by
substandard collection or excavation techniques, a lack of good recordkeeping, or by the
subsequent loss of data or artifacts associated with the project. Invariably, all legacy collections
have built-in biases, but the potential benefits outweigh the drawbacks, particularly if the
collection is well documented and preserved and access to a site or sites is no longer possible.
Surovell and his colleagues further argued that legacy collections will become important sources
of information in the future as new archaeological discoveries continue to decline in the field
(Surovell et al. 2017).
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The Sapa’owingeh collection in particular is unique in the Rio Chama watershed given its
age and size. It also represents one of the few northern Rio Grande projects that systematically
collected bulk faunal material (Fallon and Wening 1987:91; Lang and Harris 1984). Florence
Hawley Ellis was a notable and highly active scholar in the American Southwest from the 1950s
to the 1970s, and many of her field school students went on to become luminaries in their own
right. Excavations at the site are no longer possible, so the collection is all that remains for
research and education. The integrity of the collection nonetheless has been impacted by
excavation techniques that do not meet modern standards, uneven recordkeeping, and some loss
of information and objects subsequent to the work.
These issues are addressed in the current chapter along with the methods and comparative
data sets for the current study. I will discuss the challenges of working with legacy collections,
especially large-scale excavation projects conducted in the mid-20th century, and the strategies I
utilized to overcome some of these challenges. This chapter also details the nature of the
Sapa’owingeh collection and the methods I used to analyze the faunal and ceramic assemblages.
I also develop a series of faunal indices that enable me to address the research questions posed in
Chapter 1. These include 1) When and under what conditions did Tewa food security practices
and institutions emerge in the Lower Rio Chama Valley and what was their role in the
acquisition and management of game?; 2) Were these practices and institutions present from the
beginning of the cultural sequence or did they evolve in the lead up to peak population?; and 3)
What role did Tewa practices and institutions play in the maintenance of large aggregated
villages prior to depopulation of the Rio Chama starting in the early 1500s?
The faunal remains and ceramics discussed here represent a sample of the Sapa’owingeh
collection. I did not analyze the faunal assemblage in its entirety due to missing provenience
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information in some cases, and poorly dated contexts in others. I did, however, increase the
number of dated contexts at the site. I made additional type identifications for targeted contexts
and used mean ceramic dating (MCD) to place them in chronological order, following similar
work with the collection by Samuel Duwe (see Eiselt and Darling 2013 and Duwe 2011). I
review these methods further below, and I present comparative datasets for population growth
and dendroclimatic reconstructions at the site, which will be compared to changes in the faunal
assemblage in Chapter 7.
Finally, I detail a food security model that relates Tewa hunting rules, redistribution
practices, and craft production to zooarchaeological correlates of food security. This model is
based in part on the UNDP criteria detailed in Chapter 2, with modifications that enable me to
quantify these criteria using data derived from common zooarchaeological observations and
measurements.

The Challenges and Benefits of Working with Legacy Collections
Legacy collections are older archaeological assemblages that may not meet current
curation standards or be readily accessible for research (MacFarland and Vokes 2016) and may
be orphaned by the curatorial facility or original owner because of their condition (Voss 2012).
These types of collections often contain a number of deficiencies, including, but not limited to,
accidental separation of items from the original collection, intentional post-collection culling or
trading between institutions, loss of provenience information, lack of a systematic inventory, and
deteriorating storage conditions (Jones and Gabe 2015; MacFarland and Vokes 2016).
However, there are ways to mitigate these deficiencies and utilize these very important
collections. Detailed understandings of the associated archives (Voss 2012) can help researchers
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and curators reunite separated artifacts and correct or supplement provenience information to
augment artifact inventories. Researchers are likely to find that time spent with the archives will
reveal more about the collection than was known at the time of the original excavations.
Additionally, these activities also enable the researcher to determine which analyses and
statistical methods will be appropriate for generating data and examining patterns in a legacy or
orphaned collection (Jones and Gabe 2015). More complex analyses may be rendered
inappropriate by older excavation methods or provenience issues. Alternatively, new approaches
and technologies that were not available at the time of excavation can provide new or more
appropriate methods of data collection or analysis that were previously impossible or uncommon
(Billinger and Ives 2015; Lupo and Janetski 1994). Finally, legacy collections can be sources of
large data sets for archaeology, climate, and environmental studies that are difficult to conduct
now that large excavation projects are rare (St. Amand et al. 2020). We cannot ignore these
collections because of substandard excavation methods or improper curation when there are
ways to mitigate these issues, especially through transparency in reporting (Jones and Gabe
2015).
The use and publication of research on legacy collections in archaeology falls into two
categories. First, there are those that define legacy or orphaned collections and detail the need for
preservation but have little discussion about integrating them into research (Frieman and Janz
2018; Redmond and DuFresne 2018; Sullivan et al. 2011). Second, there are researchers that use
these collections but do not necessarily address the common issues or how they are mitigated.
The latter types of studies are too numerous to list here but are common in studies that seek to
amass large datasets from multiple excavation projects or from many sites (see Jones and Gabe
2015).
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There are exceptions to these approaches, and they are key examples of how archaeology
should be utilizing legacy collections. Barbara Voss (2012) argues that instead of viewing
curation activities around legacy collections as tasks that facilitate research, we should instead
view accessioning, inventory, cataloguing, and rehabilitation as research in its own right.
Curation should not be a “poor alternative to direct excavation” (Voss 2012:150) but instead
should be “generative research processes” in project development (Voss 2012:146). Similarly,
Jones and Gabe (2015) discuss how to incorporate older zooarchaeological collections into metaanalyses and how to address issues in these data sets. They state that while older collections may
be limited by their biases, the analyst can overcome these problems through protocol design and
appropriate research questions.
The Sapa’owingeh collection, while experiencing many of the issues that are common in
legacy collections, is an excellent example of how working with such a collection can, as Voss
argues, generate the research process in itself. Despite being acquired by the Maxwell Museum
of Anthropology only recently, it is nonetheless in fairly good shape. Most of the provenience
associations are intact and missing information can be reconstructed with confidence from
student reports and excavation notes from the archives. The assemblage is large and spans
contexts across the entire village. Post-excavation damage, particularly bag wear, is minimal.
Clear spray paint was applied to the surfaces of some of the modified bone artifacts (such as
flutes) at some time in the past, possibly with the thought that it would protect them, but
otherwise the collection is generally well-curated. The remainder of this section details some of
the deficiencies of the collection and the measures I took to evaluate the veracity of the
information pertaining to analyzed contexts.
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The first of these relates to sampling. Florence Hawley Ellis excavated at Sapa’owingeh
for several seasons in the 1960s as part of the University of New Mexico archaeology field
school program. The purpose of the excavations was to reconstruct the migration histories of the
Tewa People in the Rio Chama and to determine if population growth during the late 14th
century was due to immigration or in situ growth. To address these questions, Ellis proposed to
sample each plaza systematically to produce an accurate population estimate. However, portions
of the site were (and still are) located on private property, making it impossible for her to fully
realize this goal (Ellis 1964). Nonetheless, Ellis did place units across the site, but only trenched
Plazas A and D. Her crews fully excavated 218 rooms and 13 kivas and work also included
survey of the surrounding landscape to locate agricultural features, shrines, and canals (Windes
and McKenna 2018). Nearly all the room blocks were in fact sampled, making Sapa’owingeh
one of the most thoroughly excavated sites in the northern Rio Grande.
The second issue relates to reporting. No final report of the excavations or Ellis’s
findings was ever produced, even though the archives for work at the site are extensive. This
means that much of the information generated from the excavations and survey has not yet been
synthesized. The archives do contain draft reports for the 1963 and 1964 field seasons as well as
Teaching Assistant reports from various years, but some information and entire documents are
missing, and the files remain somewhat disorganized. This makes it difficult (but not impossible)
to locate and scan field records. At the time of this writing inventory efforts were underway in
the Maxwell Museum of Anthropology archives to remedy some of these issues, but the shape of
the documentary archive at the time required me to spend a great deal of effort in order to make
them useful.
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Related to this is the final site map, which, for the Sapa’owingeh excavations, is very
large. A group of Ellis’s original field school students is currently documenting the history of the
excavations (Windes and McKenna 2018), and they have produced a new and updated site map,
but many of the rooms that were outlined and assigned a designation during the initial project
were never excavated. This makes it difficult to determine if room contents are missing or
merely unexcavated. Student field notes and reports are, however, fairly detailed and help to
resolve some of these issues. They document excavation contexts and methods, room
construction techniques, artifact descriptions, and artifact conservation efforts in the field. This
information enabled me to reconstruct contextual details for artifact and faunal assemblages and
to relate them to locations on the map.
Field excavation and recording protocols presented several additional challenges. Each
excavation unit typically encompassed an entire structure (or a portion of one) that was given a
letter and number designation related to the associated plaza. All artifact proveniences were tied
to these room, kiva, portico, or trench section designations, but given that most room blocks
bordered several plazas, the associations between the numbered rooms and the plazas they faced
was not always clear. This makes it difficult to examine spatial patterning by room block.
Sediment also was not screened except for a few rooms in Plaza D and in special circumstances
such as burials (Windes and McKenna 2018). Units were excavated in arbitrary 6-inch levels,
although this also varied when special contexts, features, or floors were encountered or when
mistakes were made. Moreover, Ellis employed a backhoe to excavate the trenches in the plaza
and to remove the overburden in large kiva structures. Such variations in excavation protocols
and recording methods made it difficult to compare different contexts across the site. This
required me to eliminate some contexts from the analysis.

101

Additionally, the level of detail in student notes also varied by individual, making it a
challenge to evaluate or compare the reliability of some of their observations. It also appears that
students were not always required to turn in their original notes (if they took any), but they were
required to submit a “Room Report” summary that followed a predetermined format, especially
during the later years of the project. Nonetheless, these reports provided critical information that
enabled me to link provenience information on bags to actual excavation contexts, to establish
chronological controls, and to evaluate artifact associations across the site. For example, several
students used different abbreviations or various formats for room designations, such as “DX” and
“DNE” on artifact bags. The student notes and reports helped me to identify both abbreviations
as versions of the “Plaza D, North Extension” that is written in artifact catalogs and in student
reports. In other cases, room designations were accidentally duplicated or were changed after
excavation but were never fixed in the original artifact catalogs, excavation bags, or in student
reports. In these instances, I was able to resolve many of the errors through careful comparison
(triangulation) of all the information in associated student reports, Teaching Assistant reports,
Ellis’s notes and draft reports, and the updated site map from Windes and McKenna (2018). The
benefit of all this archival “sleuthing” was to expand the contexts under consideration for
analysis, and to standardize provenience information in the faunal and ceramic databases that I
produced.
The current state and the history of the collections also needed to be considered. Artifacts
from the Sapa’owingeh excavations are curated by the Maxwell Museum of Anthropology,
although a few of them are on loan for display at the Florence Hawley Ellis Museum of
Anthropology at Ghost Ranch in Abiquiu, New Mexico, which I visited several times. A
substantial portion of the avifauna assemblage was sent to Lyndon Hargrave at Prescott College
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in Arizona for identification, but these (hopefully all) were later returned to Ellis and reunited
with the rest of the assemblage.
The bulk of the fauna assemblage is stored at the Maxwell Museum off-site storage
space, which needed to be accessed by permission, but most of the bones were boxed together,
making them easier to access and borrow as a group. Some delicate “specials,” usually modified
bone, are housed separately within the museum itself and had to be analyzed on site. Duwe
arranged to borrow most of the bulk bone assemblage during the summer of 2012 while he was a
professor at Eastern New Mexico University, Portales. This portion of the collection was
transferred to SMU for curation and analysis in the Fall of 2013. Once cleaned, a subset of this
material went back to Portales in 2014 for inclusion in a separate study by Laura Steele (Steele
2018), an MA student at the time. Steel returned a portion of this subset to SMU in 2016 and the
remainder to the Maxwell Museum in 2018. I subsequently returned the SMU loan to the
Maxwell Museum following my analysis in January 2019.
Prior to the curation efforts at SMU, the assemblage was stored in original paper bags
with variously recorded provenience information, but usually including Maxwell Museum box
and bag numbers, site name and number, plaza, unit, level, depth, other provenience, excavator
names or initials, and original excavation date. Besides the “specials” and those artifacts sent to
Hargrave, the Sapa’owingeh fauna had never been cleaned. This required us to dry brush and
rebag/rehouse the entire collection according to current curation standards. Provenience
information on the original bags was retained with new bag labels. Hargrave similarly cleaned
the avifauna but did not retain the original provenience tags. We transcribed the provenience
information Hargrave recorded onto the new identification cards, but there is no way to know if
this information is correct or complete in all instances. Using this information, we generated the
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first ever inventory for the collection, including the specimens sent to Hargrave by Ellis. We
have not located an inventory of the Hargrave specimens in Ellis’ archives, so we cannot verify
that the bird bone assemblage is complete.
As already mentioned, some of the modified or delicate specimens, like antler tools and
bird bone flutes, were cleaned and “preserved” with clear spray paint at the time of the original
excavations. These are labelled in the original artifact catalogs as “Krylon sprayed” and can be
visually identified by the high gloss finish or, in instances where the spray paint is deteriorating,
by a peeling and flaky white coating. Otherwise, the bulk bone assemblage is in good condition.
The assemblage is now well-curated, accessible, and appears to be substantially complete.
Many of the drawbacks of working with legacy collections can be mitigated if these
deficiencies are known, but the lack of screening at a site probably presents the biggest
challenge. Given the excavation and recovery techniques employed at Sapa’owingeh, the faunal
assemblage is not a representative sample of the species that were present in the original record.
The lack of screening, which has long been known to affect assemblage compositions (see
Grayson 1984:171 and Shaffer and Sanchez 1994 and the references therein), impacts
archaeofaunal assemblage diversity by decreasing richness (the number of taxa present) and
evenness (the distribution of abundance values across taxa recovered). Fewer specimens will be
recovered, and collections will contain only the most abundant taxa and therefore a lower
richness. Richness will always be higher when smaller screen sizes, specifically eighth-inch
mesh screens, are used (Gordon 1993). Unscreened excavations also are skewed towards largerbodied animals, resulting in biased evenness as well. This is largely due to body size. Even in
excavations with quarter-inch screens, 75 percent or more of the bones from cottontail-sized
mammals and smaller are lost (James 1997; Thomas 1969). Even more is lost when screens are
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not employed in the field at all. This loss can affect conclusions about species exploitation and
interpretations about past subsistence practices if these issues are not addressed in archaeological
research design (Gordon 1993; Jones and Gabe 2015). Assemblage richness and evenness for the
Sapa’owingeh collection is examined across project seasons and contexts in Chapter 5 to address
the problems of excavation and recovery methods and to be transparent about their effects on the
analysis and interpretation of the faunal assemblage.
In sum, despite all these issues, the Sapa’owingeh archaeofauna assemblage is worth a
detailed analysis, and it has the potential to provide extensive information on Tewa food security
and animal management strategies in the Lower Rio Chama Valley. While the collection was
stored uncleaned and in original excavation bags for over 40 years, the assemblage remains in
excellent condition. Some issues cannot be resolved or ignored, even with a deep dive into the
associated archives. Consequently, specimens with questionable context or with missing
information that could not be recovered were excluded from further analysis. This includes
approximately 2,500 specimens or 15% of the total assemblage. The remaining sections of this
chapter outline the analytical methods employed to examine the rest.

Zooarchaeological Data Collection
Faunal identification is notoriously subjective and difficult to standardize.
Zooarchaeologists employ a wide array of methods, and within each of these will measure,
record, and code attributes differently. Levels of training vary, and some analysts are more
certain in their taxonomic identifications than others, resulting in various levels of identification
to taxa. Additionally, analysts are only as good as their comparative collections and those with
smaller collections will have a more difficult time in their identifications. All of this introduces a
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certain margin of error, the nature of which can be ascertained by detailed descriptions of data
quality assurance, collection protocols, and the quantification techniques associated with a given
project. These are detailed further for the current project in the sections that follow below.
Data Quality Assurance
Faunal assemblages from Rio Chama sites are rare (Fallon and Wening 1987:91) and the
Sapa’owingeh assemblage is very likely the largest ever produced for archaeological
investigations in this portion of the northern Rio Grande. This project therefore strives for the
results of the zooarchaeological analysis to be reliable and replicable. The identification methods
described here follow the quality assurance framework established by Driver (1992, see also
Driver 2011) and detailed further in Wolverton (2013). Before specimen analysis began, I
established the “universe” for taxonomic identification by generating a list of anticipated species
for Rio Arriba County, New Mexico (where Sapa’owingeh is located) from the Biota
Information System of New Mexico (BISON-M 2016). The diagnostic criteria for species level
identification also were set at this time and I generated a list of anticipated taxa that would be
difficult to separate based on skeletal morphology. I made most of the taxonomic identifications
using the Department of Anthropology faunal comparative collection at SMU. Comparative
collections were also provided by Dave N. Schmitt for some initial identifications. Specimens
that could not be classified at SMU were later identified at the Museum of Southwestern Biology
at the University of New Mexico. I also used published and online guides to facilitate
identifications (Brown and Gustafson 1979; Cohen and Serjeantson 1996; Gilbert 1990; Gilbert,
Martin, and Savage 1996; Hillson 2005; Idaho State University 2019; Jacobson 2004; Lawrence
1951; McKusick 1986; Olsen 1960, 1964, 1968, 1979; White and Folkens 2005; Zweifel 1994).
Finally, before analysis could begin, I wrote a systematic pathology, although this document was
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dynamic and changed as data collection progressed. These procedures formed the basis for
taxonomic and skeletal part identifications.
Not all specimens, or even elements, could be identified to lower Linnaean taxa, but they
could be separated into mid-levels of identification, such as family, based on element size,
thickness, and features in most cases. Multiple species or genera also were combined into one
identification when distinctions could not be made, such as medium Canis spp. and Odocoileus
spp. If a specimen was identified to the species level, but not enough of the specimen was
present for a positive identification, the open nomenclature designation “?” was used, such as in
“Canis lupus?” (Matthews 1973). More general designations were used when enough
characteristics were present to identify a specimen to a higher taxonomic category and body size
descriptions including, small (rabbit-size), medium (dog-sized), and large (bison-sized) mammal
and small (cardinal-sized), medium (crow-sized) and large (turkey-sized) bird.
Data Collection Protocol
The zooarchaeological data collected for this project were deposited with and are
accessible through the Digital Archaeological Record (tDAR) and the Maxwell Museum of
Anthropology. I limited my analysis to specimens from securely dated and well-documented
contexts for a total number of specimens (NSP) of 14,025. I made this decision, in part, to off-set
some of the effects of Ellis’ excavation techniques (e.g., lack of screening, excavation in
arbitrary levels, and non-random sampling of rooms) and to sample as much as was feasible from
this large collection. A total of 13,229 of these specimens were part of the bulk collection in the
excavation bags. Another 796 were either located in the artifact drawers at the Maxwell
Museum, in separate sub-bags within the bulk collection, or were on display at the Florence
Hawley Ellis Anthropology Museum at Ghost Ranch. I was able to physically examine all these
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items except for a few of the objects at Ghost Ranch. I analyzed these artifacts using the data
collection protocols summarized here. The full protocol is provided in Appendix C. I followed
this protocol for the entirety of data collection, though it did evolve as needed to address
unanticipated deficiencies and challenges as analysis progressed.
Each specimen, whether a fragment or a whole element, was evaluated as a single
artifact, even if it was known to refit to other specimens. Refits were treated as a single specimen
only for data analysis when possible. Therefore, each specimen is a single line in the faunal
database. The metadata for each of these specimens included analyst initials and analysis date,
provenience, excavator names, and excavation date. This was done to track data collection
progress and to create a provenience database to fix any recording issues as detailed above. I
identified specimens to the nearest possible taxonomic level using the International Commission
on Zoological Nomenclature (2019) except when identification to Linnaean taxa was not
possible, in which case more descriptive designations were used as already mentioned. Each
specimen was identified on its own merits (Driver 1992, 2011; Wolverton 2013); meaning that a
concentration of bone was not assumed to be from a single individual or species, such as
Meleagris gallopavo, even if the associated skull was identified to that species, and all of the
other specimens were clearly large bird. Additionally, previous identifications by other
researchers were not reused or assumed to be correct.
Attributes of elements were coded in a systematic fashion to facilitate statistical analysis
and to collect data intended to address the research questions (see Appendix D for codes). Each
database entry included a narrative description for the basis of identification and citations were
included when necessary to support morphological distinctions. Element portion was recorded as
present (P) or absent (A) utilizing the bone zone method (Cohen and Serjeantson 1996; Dobney
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and Rielly 1988; Serjeantson 1991), which uses diagnostic zones to record the occurrence of
specimens in an assemblage and their degree of fragmentation. These zones are based on element
morphology and identifiable landmarks (Dobney and Rielly 1988). The benefit of this method
over more descriptive ones is that it is intended to prevent over-counting of individuals in the
assemblage. The results are also more replicable, and the use of landmarks to record presence or
absence creates a more reliable measure of fragmentation (Dobney and Rielly 1988; Serjeantson
1991). Bone zones also were used to record the locations of cultural modifications, taphonomic
effects, and pathologies.
I also recorded elements of cultural taphonomy to document direct evidence for human
activities on bone. Human modifications that were farther apart than 1 cm on a specimen were
treated as distinct actions and recorded separately in the faunal database (Lyman 1994b:304).
Each action was coded for modification type, frequency, location, and orientation, and included
cut marks, fractures, incisions, human chewing, grinding, painting, polishing, and more.
Noncultural taphonomy elements, such as staining, non-human tooth punctures, rodent/carnivore
gnawing, and root etching were recorded in the same manner. I also noted weathering to
document the exposure of bone to the elements following Behrensmeyer (1978) and Lyman
(1994b:354).
Observations on pathologies sought to capture evidence of disease in the faunal
population, particularly for the turkey that were raised within the village in pens to understand
the cultural behaviors associated with the domesticates at the site (Bartosiewicz and Gál 2013:8).
When multiple paleopathologies were present, these were recorded individually and coded for
type and location, along with additional notes, a narrative description, and photography. An age
estimate and the evidence used to support the estimate also were documented for each specimen,
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in particular for turkey and large bird following McKusick (1986) to address questions about
animal husbandry practices, and for game animals following Hillson (2005) to assess Tewa
hunting practices.
For specimens identified as unburned, complete, and originating from adult individuals,
standard measurements were taken following von den Driesch (1976). Skeletally immature and
incomplete specimens were not measured. The only incomplete elements that I measured were
made on modified bone, and minimally included length and width to document manufacture
techniques and style. I also included weight for each specimen. In the interest of time and
because of the large size of the collection, photography was limited to specimens with
pathologies, modifications (including bone tools), and to document bone morphology to assist in
future identifications of unknowns. I documented the bone tools (faunal elements that were
modified by humans to perform a task) (Lyman 1994b:339) using the same procedure, but I also
included more descriptive identifications that were relevant to different tool types.
Quantification
Calculating the relative frequencies of fauna from raw NSP counts, especially at lower
taxonomic levels, is an essential component of any zooarchaeological analysis. These
frequencies enable researchers to identify spatial and temporal indications of cultural behaviors
and natural events that impact the proportions of taxa in an assemblage (Reitz and Wing
2008:202). The history of quantification in zooarchaeology and the arguments surrounding it
have been extensively summarized in the past decades (see Grayson 1979; Lyman 1994a, 2018),
but are touched on briefly here in order to explain the rationale for the present study.
Quantifications of taxonomic abundance are derived from NSP, which includes both
identifiable and unidentifiable specimens (Lyman 1994a). A specimen is “…a bone or tooth, or
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fragment thereof…” (Grayson 1984:16) and is an “…archaeologically or paleontologically
discrete phenomenological unit…” (Lyman 1994a:39). A specimen is the basic observational
unit from which other measures are derived, such as abundance counts or percent fragmentation.
A common measure of abundance is the number of identified specimens (NISP). NISP is
calculated per taxon, is an ordinal-scale measure of abundance, and is relative. NISP is not a 1:1
measure of number of individuals to number of elements, but it can be used to determine which
taxa are more abundant than others. It cannot, however, be used to calculate the relative scale of
that abundance (Grayson 1979). All abundance measures are biased by excavation techniques
and an analyst’s abilities (Reitz and Wing 2008:204), the former being the greatest concern for
the Sapa’owingeh faunal assemblage.
NISP is a popular measure because it is simple and replicable (Grayson and Frey 2004).
However, this measurement also is rife with assumptions that can lead to false conclusions if the
analyst does not address them. NISP varies with taxonomic abundance, which is the intended
measurement, but it also is altered by the number of identifiable elements, element survivability,
and degree of fragmentation (Lyman 2018; Reitz and Wing 2008:203). Taxa with more
identifiable elements, such as mammals, will be artificially more common in an identified
assemblage than taxa with a lower number of identifiable elements, such as birds. A more
fragmented element means potentially more identifiable pieces, resulting in a higher NISP.
While this can artificially inflate numbers for highly processed taxa and elements, fragmentation
only increases NISP by a factor of two to three relative to unfragmented element values. On the
other end, a higher degree of fragmentation decreases NISP because fragments become
unidentifiable. Analysts using NISP for taxonomic abundance must demonstrate that
fragmentation, either natural or cultural, does not artificially alter estimates (Cannon 2013). This

111

also assumes that these different causes of fragmentation uniformly alter bone (Reitz and Wing
2008:203).
A rise in taphonomic research in zooarchaeology likewise has changed how analysts
quantify abundance. Measures have shifted from frequencies of taxa to frequencies of elements
from taxa (Lyman 1994a). This includes the minimum number of individuals (MNI) developed
by White (1953) to assist in the calculation of meat weight to estimate the contribution of
specific parts of taxa to human diet. MNI accounts for a set of faunal remains in such a way that
no single individual is over-counted (Lyman 1994a). However, this measure of abundance also is
heavily influenced by aggregation issues and can change if calculated by unit, level, or context.
MNI therefore is not a good measure of taxonomic composition (Grayson 1979, 1984:90).
Preferences among analysis for NISP and MNI have shifted over the years, but the more
appropriate measure depends upon the questions being asked. Neither NISP nor MNI provide
greater than ordinal scale measures of abundance. For relative abundance, NISP works well and
provides the same information as MNI without the complicating issue of aggregation (Grayson
1979, 1984:92; Grayson and Frey 2004; Lyman 2018). This factor is especially important in light
of the large size of the resident population and Tewa food sharing rules discussed in Chapter 3.
The redistribution of meat resources across households (Ford 1968; Ortiz 1969) would greatly
influence MNI. MNI calculations are only necessary for certain kinds of analyses that are not
necessarily considered here (Grayson 1979). Instead, NISP is used to measure taxonomic
abundance in the current study. Taxonomic abundances and zooarchaeological indices were
calculated in Microsoft Excel and JMP 14, and IBM SPSS Statistics 26 were used for statistical
analysis of quantified data. The results of these analyses are detailed in Chapters 5 and 6.
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Ceramic Data Collection and Mean Ceramic Dating
Analysis of the zooarchaeological data means very little if it cannot be examined for
temporal patterning. Until recently, Sapa’owingeh has been relatively difficult to date because of
its large size, long occupation, and small number of datable tree-ring samples, but work in 2012
and 2013 by Eiselt and her colleagues on behalf of Ohkay Owingeh Pueblo resulted in the
generation of a detailed 3D map of the site using UAVs to calculate mound volumes, the
submission of additional tree-ring dates from excavated rooms, and the calculation of mean
ceramic dates (MCD) for a total of 121 contexts containing faunal remains (Duwe 2013; Eiselt
and Darling 2013). This level of information on Sapa’owingeh is extensive but more was needed
for the current study. To remedy this, additional ceramic identifications were made to increase
the number of dated contexts and to develop a high-resolution chronology for the faunal analysis
using MCD. The raw ceramic counts for these calculations are presented in Appendix E. It also
should be noted that MCD is the only remaining method available to date rooms at the site.
Previous work has exhausted the potential of dendrochronology based on available wood
samples (resulting in 49 dates with varying relevance for the current study). Temporally
diagnostic glazewares, produced in the middle Rio Grande from the 14th to 18th centuries, are
rare at Sapa’owingeh and at all sites in the Rio Chama watershed.
Ceramics were identified only for contexts that had a faunal assemblage. Identifications
were done at the Maxwell Museum of Anthropology utilizing a comparative collection from
SMU and the Pottery Typology Project database (New Mexico Office of Archaeological Studies
2017). Ceramic counts were also mined from original excavation archives and from Eiselt and
her colleagues’ work (Duwe 2013; Eiselt and Darling 2013).
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Mean Ceramic Dating
MCD is the use of ceramic type frequencies and their periods of manufacture to date
archaeological contexts. The method was developed by Stanley South (1972) for historical
ceramic assemblages and subsequently refined by Vincent Steponaitis and Keith Kintigh (1993)
for use in prehistoric contexts. Utilizing the ARRANGE program (Kintigh 2005; Steponaitis and
Kintigh 1993), the frequency of each ceramic type is mathematically distributed over a Gaussian,
or “battleship,” curve during the years of known use, where the vertical axis represents
deposition rate and the horizontal represents time. When the temporal distributions for each
ceramic type are combined, they produce a composite ceramic distribution. A 75 percent
confidence interval constructed around the mean produces the estimated starting and ending
dates of occupation for a given context (Steponaitis and Kintigh 1993). MCD is an accepted
dating method in the American Southwest that is capable of producing accurate chronometric
results on par with other archaeometric techniques (Christenson 1994; Duff 1996; HabichtMauche 1993; Steponaitis and Kintigh 1993). This method has been successfully applied in the
northern Rio Grande (Duwe 2011:583-584), and it can be employed in most contexts at
Sapa’owingeh. The precision of MCD is dependent upon the known production dates for the
ceramic types utilized for the calculation and the frequency of each ceramic type in a context.
The dates calculated for Sapa’owingeh are based on six chronologically sensitive decorated
wares with well-established production dates through tree-ring dating (Table 4.1). Contexts with
fewer than 25 sherds were excluded from the analysis to eliminate bias for small sample size and
to increase precision, which for the present study is at the decadal level for most of the dated
contexts as described below.
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Ceramic Type
Santa Fe Black-on-white
Wiyo Black-on-white
Biscuit A/Abiquiu Black-on-gray
Biscuit B/Bandelier Black-on-gray
Biscuit C/Cuyamunge Black-on-cream
Sankawi Black-on-cream

Start (AD) End (AD)
1175
1300
1340
1400
1500
1500

1400
1400
1450
1500
1550
1600

References
Habicht-Mauche 1993
Habicht-Mauche 1993; Wendorf 1953
Breternitz 1966; Habicht-Mauche 1993
Breternitz 1966
Harlow 1973
Harlow 1973; Breternitz 1966; Smiley et al. 1953

Table 4.1. Estimated starting and ending dates for Tewa Basin ceramic types based on Duwe
(2011).

I utilized Duwe’s (2011) method for calculating dates, which is based on Steponaitis and
Kintigh (1993), to maintain consistency with previous work and generate dates for an additional
59 contexts (Table 4.2). Contexts were selected to improve coverage across different plazas and
in rooms and kivas having high faunal counts, good preservation, and detailed excavation
records. Analysis increased the number of dated contexts from 116 to a total of 175 for the
present analysis.

Plaza

Context

Contexts with Contexts with Contexts with
dated fill only dated fill and potentially
floor
datable fill
only
A
Rooms
1
14
20
Kiva
0
2
0
Plaza-Portico
0
1
0
B
Rooms
4
26
2
Kiva
0
2
0
C
Rooms
1
11
1
D
Rooms
2
32
11
Kiva
0
1
4
E
Rooms
0
4
0
Plaza-Portico
0
0
1
F
Rooms
0
4
5
G
Rooms
0
6
3
South Extension Rooms
0
5
0
Unknown
Kiva
0
0
1
Total
8
108
48

Contexts with
potentially
datable floor
only
1
0
0
0
0
0
0
1
0
0
0
0
0
0
2

Contexts with Total
potentially
datable floor
and fill
0
36
2
4
0
1
0
32
0
2
2
15
1
46
0
6
0
4
0
1
1
10
3
12
0
5
0
1
9
175

Table 4.2. 175 selected contexts for zooarchaeological and mean ceramic analyses.
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The resulting Sapa’owingeh MCD chronology spans AD 1330-1560, which includes the
full occupational history of the Classic Period in the Lower Rio Chama Valley. In some cases,
these date ranges can be refined with reference to the 41 tree-ring dates associated with room and
floor contexts, which has been shown to increase the precision of the mean ceramic dating
method (Duff 1996; Eiselt and Darling 2013).

Comparative Data Sets
Chronological control makes it possible to compare the archaeological food security
indices to pre-existing datasets of momentary population and proxy measures for climate change
through time. Momentary population estimates for the site of Sapa’owingeh are available in
Eiselt and Darling (2013; see also Duwe et al. 2016). These estimates measure population growth
and decline over fifty-year intervals using a methodology established by Duwe (2011, 2013; see
also Duwe et al. 2016) based on the volume of structural mounds. As detailed above, ceramic
identifications and MCD facilitate chronological controls and place assemblage variability within
a temporal context. Researchers have used mound volume to estimate population at large Classic
Period villages of the northern Rio Grande for nearly three decades (Duwe 2011; Maxwell 2000;
Ortman 2010, 2016b), but these estimations have been enhanced in recent years with the use of
LiDAR (Liebman et al. 2016) and the advent of Unmanned Aerial Vehicle (UAV or drone)
technologies that enable more accurate measurement and quantification. Eiselt and Darling
(2013) employed high resolution mapping and UAVs to measure the ten Classic Period Pueblo
villages in the Rio Chama watershed (including Sapa’owingeh) to calculate maximum
architectural capacity and to allocate rooms to different temporal periods based upon mean
ceramic and tree-ring dates. This research demonstrated that reconstructed population
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distribution profiles for Sapa’owingeh (Figure 4.1) show a rapid period of growth from A.D.
1350 to 1400, stabilized and continued growth from A.D. 1400 to 1500, and rapid population
decline up to A.D. 1550 (Eiselt and Darling 2013; Duwe et al. 2016).

Figure 4.1. Momentary population estimates for the site of Sapa’owingeh (redrawn from Eiselt
and Darling 2013:Figure 4.4; Duwe et al. 2016).

Precipitation reconstructions by Stahle and others (2020) and drought reconstructions by
Cook and others (2010) provide additional information on changing levels of precipitation over
time and extreme events that can affect animal species distributions (Figures 4.2, 4.3, and 4.4).
While the relationship between climate and animal distributions is complex, changes in
precipitation can affect plant growth, soil moisture, water storage, and insect abundances, which
in turn can impact the habitats and movements of prey species. For example, recent research by
Gutiérrez et al. (2014) has shown that precipitation is one of the most important predictors of
bird distributions and abundances in their study of five western U.S. states and British Columbia.
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Otugu et al. (2008) further show that late wet-season rainfall is the best predictor of ungulate
abundances in African savannah ecosystems.

Figure 4.2. Reconstructed warm-season (May-July) precipitation for the Lower Rio Chama
Valley from A.D. 1350 to 1550 utilizing the North American Seasonal Precipitation Atlas
(NASPA): red = annual values; black = 10-year cubic smoothing spline (Stahle et al. 2020).
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Figure 4.3. Reconstructed cool-season (December-April) precipitation for the Lower Rio Chama
Valley from A.D. 1350 to 1550 utilizing the North American Seasonal Precipitation Atlas
(NASPA): red = annual values; black = 10-year cubic smoothing spline (Stahle et al. 2020).
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Figure 4.4. Reconstructed Palmer drought severity index (PDSI) for the Lower Rio Chama
Valley from A.D. 1350 to 1550 utilizing the North American Drought Atlas (NADA): red =
annual values; black = 10-year cubic smoothing spline (Cook et al. 2010).

The impacts of variability in cool- and warm-season precipitation over time (e.g., wet or
dry periods) on the availability of animal populations therefore can be evaluated at the level of
species or genera in zooarchaeological assemblages. At the most general level, wet years should
correspond with increased availability in most prey species in the following years, including
birds. Prolonged periods of drought or extreme events also may be correlated with declines in
human and animal populations. The Rio Chama watershed precipitation records show evidence
for both, with high precipitation variability after A.D. 1350 including relatively severe
downturns in the 1370s, 1420s, and 1470s (Cook et al. 2010; Stahle et al. 2020) when population
at Sapa’owingeh was on the rise. Changes in precipitation evident in the Rio Chama watershed
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will be compared to momentary population at Sapa’owingeh and the food security status for
grouped dated contexts at the site, as well as other zooarchaeological evidence for food
procurement and consumption.

Modeling Tewa Institutions: Zooarchaeological Data Analysis
One of the main goals of this study is to determine the origins and development of the
practices and institutions related to animal management. Hunting prescriptions, ritual structures,
and sodalities may predate the founding of Sapa’owingeh, but they likely expanded during the
Classic Period in the Lower Rio Chama Valley in response to changing conditions of food
security (Bernhart and Ortman 2014; Ortman 2012). If these institutions were present at
Sapa’owingeh, then evidence for their operation should be apparent in the structure of the faunal
assemblage, particularly the distributions and representations of species, body parts, and bone
modifications. The absence of these institutions would suggest that they developed later in time.
The ritual practices and archaeological correlates enable me to create a model – or a
methodology – to systematically quantify zooarchaeological observations according to the
UNDP criteria in order to detect changes in the assemblage that might signal food abundance
(security) and stress (insecurity).
Table 4.3 presents archaeological correlates of Hunt Society regulations. Hunt Society
regulations should result in little to no evidence for the use of carnivores as food because these
animals were associated with curing and powers related to the hunt (Henderson and Harrington
1914; Hill and Lange 1982; Parsons 1939). Species utilized for ritual purposes should occur in
ritual contexts as curated items or as ritual paraphernalia because these items also contained
inherent qualities that were important for public ceremonies and kiva rituals. These items were
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likely subjected to normative social prescriptions for their appropriate use, storage, and disposal
(Mills and Ferguson 2008). Likewise, bone elements from species imbued with special social or
symbolic meanings, such as sandhill cranes, eagles, or badger, should show evidence of
modifications indicating their use for fur or feathers, or as fetishes, charms, or musical
instruments, but not for food. Specifically, the presence of mountain lion would provide some
support for the presence of a Hunt Society or curing society given that this animal is closely
associated with both in modern Tewa ritual (Ortiz 1969; Parsons 1939). Body part representation
should indicate that low-meat yielding portions of animals are being returned to shrines, are kept
for making tools or ritual items, or are retained for other ceremonial purposes as indicated by
ritual contexts (Ford 1968; Ortiz 1969; Parsons 1939). When placed within a temporal context, it
should be possible to track the timing and emergence of these public and private practices and
hence the institutions related to animal management and use (Ford 1968; Henderson and
Harrington 1914; Hill and Lange 1982; Ortiz 1969; Parsons 1939).

Tewa Hunt Society Regulations
Do not eat carnivores but capture them for ritual
purposes

Tightly control ritually important animals
Return unused portions to hunting shrines

Expected Archaeological Correlates
No evidence of cooking/butchery on secondary
consumers
Secondary consumers will be recovered in special
contexts (caches and kivas) or will be present as ritual
paraphernalia
Only utilized for tools or ritual purposes
Recovered from ritual contexts
Body part representation will be skewed toward high
meat-yield elements
Unexpected elements will be modified as tools or
ritual paraphernalia
Unexpected elements will be recovered in special
contexts (caches and kivas) that have ritual
importance

Table 4.3. Archaeological correlates of Hunt Society regulations.
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This evidence will be compared to indicators of demographic growth, environmental
change, and food security across time and space to investigate when and under what conditions
these practices and institutions emerged in the Lower Rio Chama Valley and their role in the
acquisition and management of game. This is accomplished through multiple zooarchaeological
indices that, when considered in tandem, reveal aspects of changing food security (Table 4.4).

Index
Artiodactyl Index (AI)
Carnivore Index (CI)

Lagomorph Index (LI)
% High-Yield Elements
(%HYE)
% Trade Species (%TS)

% Fragmentation of
High Marrow Elements
(%FHME)
% Fragmentation of
Low Marrow Elements
(%FLME)
% Burning (%B)

Turkey Index (TI)

Definition
The relative abundance of
artiodactyls to lagomorphs
The relative abundance of
carnivores to non-carnivores

Indication
The availability of highranked resources
The availability of prey
species within the immediate
environment

The relative abundance of
cottontails to jackrabbits
The prevalence of high meat
yielding elements
The relative abundance of
traded-in meat resources
(bison)
The prevalence of
fragmentation of high marrow
and grease yielding elements
in high-ranked species
The prevalence of
fragmentation in low marrow
and grease yielding elements
in high-ranked species
The prevalence of calcined,
charred, and blackened
specimens

The extent of anthropogenic
environmental alteration
The level of access to highranked resources
The level of access to
preferred high-ranked
resources
The extent of processing for
bone marrow and grease as a
mechanism to cope with food
shortage
The extent of processing for
bone marrow and grease as a
mechanism to cope with food
shortage
The extent of processing for
bone marrow and grease as a
mechanism to cope with food
shortage
The extent of reliance on
turkey as a mechanism for
coping with diminished access
to large game

The relative abundance of
turkeys to small game

Formula
artiodactyl NISP/(artiodactyl NISP
+ lagomorph NISP)
carnivore NISP [excluding Canis
familiaris] /(carnivore NISP
[excluding Canis familiaris ] +
artiodactyl NISP + lagomorph NISP
+ turkey NISP + indeterminate large
bird NISP)
cottontail NISP/(cottontail NISP +
jackrabbit NISP)
high-yield elements NISP/all
elements NISP
bison NISP/(bison NISP + other
artiodactyl NISP)

Reference
Szuter and
Bayham 1989
Driver 2002

fragmented high marrow elements
NISP/total high marrow elements
NISP

Potter 1995

fragmented low marrow elements
NISP/total low marrow elements
NISP

Potter 1995

burned elements NISP/total
elements NISP

Potter 1995

Szuter and
Bayham 1989
Szuter and
Bayham 1989
Spielmann
1983

(turkey NISP + inderterminate large Badenhorst and
bird NISP)/(turkey NISP +
Driver 2009
indeterminate large bird NISP +
lagomorph NISP)

Table 4.4. Zooarchaeological indices of food security.

I selected these measures for their ability to address the different pillars of food security
(see Chapter 2) and Tewa resource practices. Availability includes the Artiodactyl Index (AI),
Carnivore Index (CI), and Lagomorph Index (LI). These observations measure the availability of
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high ranked resources and prey species in the environment and represent indices that measure
resource depression (Charnov, Orians, and Hyatt 1976; Driver 2002; Szuter and Bayham 1989).
Access is measured by the percentage of high-yield elements (%HYE) and trade species (%TS)
in the artiodactyl assemblage. They reveal the abundance and, when examined spatially, the
distribution of available protein (Spielmann 1983; Szuter and Bayham 1989). A high %TS (in
this case, Bison bison) is also indicative of prestige goods and can be a sign of differential access
to high-ranked resources when examined spatially across different contexts or roomblocks.
Preference quantifies mechanisms for altering subsistence practices under conditions of
diminished food abundance or availability. This includes the intensity of carcass processing, as
seen by the percent fragmentation of high marrow elements (%FHME) and low marrow elements
(%FLME), as well as the percentage of burning (%B). The Turkey Index (TI) calculates
abundances of turkey and large-bodied birds relative to other small game in order to evaluate the
reliance on domesticated turkey for food, which is another indicator of depressed prey species in
the immediate environment (Badenhorst and Driver 2009).
Calculating Food Security
To compare food security between periods and contexts at Sapa’owingeh, I will utilize a
simple dot plot matrix. A dot plot matrix is a convenient way to represent and compare multivariate data in one space. Each index is measured on a scale from zero to one. Figure 4.5
illustrates two idealized examples of how the percentages for the nine indices can be visualized
as a food security matrix for two hypothetical assemblages. Figure 4.5A illustrates an
assemblage that scores higher on AI, CI, LI, and %HYE indices and lower on %TS, %FHME,
%FLME, %B, and TI indices. Visually, this indicates higher levels of food security relative to
Figure 4.5B. Measures for resource availability and access are high relative to diminished
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evidence for increased processing and investment in domesticated species. Figure 4.5B illustrates
the opposite pattern and lower food security. This is indicated by lower scores on AI, CI, LI, and
%HYE indices and higher scores on %TS, %FHME, %FLME, %B, and TI indices. Measures for
availability and access are low relative to evidence for resource intensification.

Figure 4.5. Food security measures in idealized scenarios of food security (A) and food
insecurity (B). Figure 4.5A represents an assemblage characteristic of food security and Figure
4.5B of moderate food insecurity.

This method acknowledges that food security exists along a continuum. Contexts with
sufficient samples of zooarchaeological materials therefore can be compared directly between
different spatial, functional, or temporal components at the site to understand how food security
varied within the village population. To accomplish this, indices were calculated for well-dated
room and kiva contexts so that they could be examined spatially and compared to momentary
population estimates for Sapa’owingeh and precipitation data for the Rio Chama watershed
(Cook et al. 2010; Duwe et al. 2016; Eiselt and Darling 2013; Stahle et al. 2020). Room and kiva
contexts were emphasized over other contexts, such as middens, trenches, or plazas, due to the
presence of clearly defined and dateable floors, more intensive data recovery efforts in these
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contexts, and increased abilities to date targeted strata and develop room construction sequences
for the site. The indices were also compared to other, zooarchaeological and nonzooarchaeological, lines of evidence for productivity or scarcity such as the distributions of
modified bone, the age and sex structure of animal assemblages, or room size.
Finally, it should be noted that many of the indices utilized here are commonly employed
in examinations of resource depression and foraging efficiency (Bayham 1979; Bird and
O’Connell 2006; Broughton and O’Connell 1999; Cannon and Broughton 2009; Kelly 1995;
Nagaoka 2002; Smith 1983; Smith and Winterhalder 1992; Ugan 2005). The Sapa’owingeh
assemblage could be examined from this perspective. However, resource availability and access
are fundamental to food security and consequently would need to be managed for these
communities to survive. Social institutions and practices affecting animal procurement and
consumption not only constrain what is available in the natural environment for consumption but
will have, with some exceptions, a direct influence on the availability of prey species and their
representation in the archaeological record. The zooarchaeological indices provide a quantifiable
method to compare different levels of access, availability, and preferred use of animal products
across the site, to evaluate social responses to demographic growth and environmental change,
and to assess the contribution of social institutions for controlling access to highly desired or
ideologically significant animal species. In the absence of human skeletal and botanical data,
zooarchaeological analyses provide the best, if not the only, source of information to address
these issues.
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Summary
This chapter has argued that archaeological collections have immense research potential
but have been overlooked and underutilized until recently. This is largely due to the many
challenges researchers face when developing a project around legacy collections, especially
those that were produced from outdated excavation methods or that need further curation to bring
them into compliance with current standards (MacFarland and Vokes 2016). As Voss (2012)
points out, curation work should not be viewed as a task that facilitates research. Curation can
generate research, and this was certainly the case with the Sapa’owingeh collection. Detailed
work with the collections and archives enabled me to develop research questions and to
understand the limits of the collections, the issues it contained, and how to work through these to
maximize the information potential of the assemblage.
Transparency is key to overcoming the challenges of collections resulting from older
large-scale projects. The deficiencies discussed for the Sapa’owingeh collection are mitigated
through close work with the associated archives and the artifacts themselves. Despite these
limitations, the faunal assemblage is large, is in excellent condition, and provides a rare and
unique set of opportunities to examine Tewa coalescence.
The zooarchaeological data collection and MCD protocols were designed with these
issues and the research questions in mind. Ultimately, the results of these analyses will be
compared to momentary population estimates for Sapa’owingeh and precipitation reconstruction
for the Rio Chama watershed. In the next chapter, I present the results of the data collection
described here and examine the state of food security and the origins of institutions related to
animal management and access to food in the past. These methods reveal not only the temporal
and spatial structure of the archaeofaunal assemblage, but also how issues of food abundance and
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need shaped the emergence of a distinctive Tewa identity with deep roots in the Chama Valley of
New Mexico.
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CHAPTER 5
SAPA’OWINGEH FOOD SECURITY

“I believe it would be well worth while for all field workers to collect [unworked bone],
to study it minutely (which, incidentally, is very interesting and a very good way of
developing the power of observation); and to preserve it against the inevitable
approaching time when decision will have to be reached in some crucial case bearing
upon the antiquity of man in the New World” (Kidder 1932:199).

Introduction
Zooarchaeology is an ideal methodology to examine food security in the past. Many of
the common and accepted faunal indices, such as the Artiodactyl Index, percent fragmentation,
and species distribution, can be used to measure the pillars of food security: availability, access,
and preference/use. Utilizing these traditional measures and statistics also ensures that the
current project is replicable and comparable to future and past studies within the region. This
analysis utilizes data generated from the methods outlined in the previous chapter, with the
ethnographic literature discussed in Chapter 3, to provide the basis for interpretations of animal
use and husbandry and to discuss animal resources and food security through time and among
contexts at Sapa’owingeh during Tewa coalescence.
In this chapter I address how contexts were assigned to time periods, and I provide a
general description of the assemblage, most notably the identified taxa, the representativeness of
the assemblage of common taxa, and richness and evenness measures. I describe evidence for
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animal management and utilization, including evidence for extensive turkey husbandry at
Sapa’owingeh. I also present calculated measures specific to characterizing animal resource use.
These patterns are examined through time and between contexts. Finally, these analyses are
summarized and presented as food security indices to situate Sapa’owingeh food security along a
spectrum from insecure to secure and to address the lived experience of coalescence. These
analyses show that people were food stressed but secure during initial settlement and that
insecurity was high during depopulation. Food security was moderate and most stable leading up
to and during peak occupation. Turkey husbandry was extensive except during depopulation and
was likely crucial to village stability as population peaked. Analysis by context reveals that large
game was available but mostly accessible through community events. The patterning also
highlights evidence for ceremonial rooms at Sapa’owingeh that may be affecting species and
body part distributions.

Assigning Contexts to Time Period
Much of the faunal analyses presented here are aimed at examining temporal changes in
food security at Sapa’owingeh. This will enable me to elucidate the emergence of Tewa hunting,
food regulations, and animal husbandry practices, and to compare food security to momentary
population estimates and reconstructed precipitation patterns through time. The Sapa’owingeh
contexts span A.D. 1330-1560, which is the full occupational history of the Classic Period in the
Lower Rio Chama Valley. As discussed in the previous chapter, temporal control is established
and refined through MCD, which uses ceramic type frequencies and their known periods of
manufacture from tree-ring dating to date archaeological contexts (South 1972; Steponaitis and
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Kintigh 1993). The chronological periods utilized here are assigned based on the phases
presented in Duwe 2011 and 2020 (Table 5.1).

Phase
Pindi Phase
Wiyo Phase
Early Classic
Middle Classic I
Middle Classic II
Late Classic
Protohistoric

Range
1250-1300
1300-1350
1350-1400
1400-1450
1450-1500
1500-1550
1550-1600

Table 5.1. Classic Period phase names and date ranges after Duwe (2011:5.2).

I assigned contexts at Sapa’owingeh to these phases based on the calculated MCD. If the
MCD extended 25 years into the next phase, that context was assigned to that phase. This
resulted in contexts that spanned multiple phases in some cases. Floor and fill contexts from the
same unit were sometimes assigned to different phases if floor contexts were more tightly
bounded by the MCD analysis.
Contexts were grouped into one of three date ranges including Early Classic (EC),
Middle Classic I to Middle Classic II (MI-MII), and Middle Classic I to Late Classic (MI-LC).
This eliminated the issue of redundancy, except for minimal overlap in the MI-MII and MI-LC,
and allowed for the temporal examination of patterns. For the ease of discussion, I will refer to
these date ranges as early (A.D. 1350-1400), middle (A.D. 1400-1500), and late (A.D. 14501550). Contexts dating more broadly to the Early Classic to Middle Classic II and contexts with
dates spanning all periods were not included in temporal analyses.
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General Characteristics of the Sapa’owingeh Faunal Assemblage
Several characteristics should be highlighted before discussing the Sapa’owingeh data.
The taxa identified in the assemblage are diverse and represent animals from local and non-local
habitats that entered the archaeological record though cultural and natural processes, both during
and after the occupation of the village. Intrusive animals, especially rodents and reptiles, are
common in Pueblo archaeological sites because they are attracted to the habitats provided by
abandoned rooms and the food they can scavenge from the middens. When detected, these
confounding data were excluded from analysis. The large extent of the site and outdated
excavation methods further complicate analysis, but the sheer size of the resulting assemblage
provides copious amounts of data to address food security.
Taxonomy
The Sapa’owingeh assemblage is large and well preserved. For the purpose of the present
study, only datable contexts were selected for analysis. This resulted in 14,025 total specimens.
Of these, 55.5% (n=7,781) are identifiable to genus or species, which is the taxonomic level that
most of the following analyses utilize. All identifications regardless of taxonomic level, temporal
period, or context are presented in Appendix F. Table 5.2 summarizes taxonomic identifications
for specimens that were dated to discreet periods or contexts.
In this study, I use the Number of Taxa (NTAXA) to discuss taxonomic richness, which
is the number of different identifications for a given level of taxonomy (Lyman 2008:143). The
assemblage is heavily biased toward mammals and birds with 29 mammalian genera (n=4,436),
33 avian genera (n=3,338), one reptile (n=5), one fish (n=2), and one gastropod (n=1).
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Period
Level of Identification
NID

Context

Early

Middle

Late

Kiva

Room

183

307

9

86

398

2

19

36

95

526

52

107

NID mammal

11

9

small mammal

204

328

22

119

med mammal

157

489

71

128

476

med/lrg mammal

172

856

10

348

770

30

8

31

18

62

3

3

sm/med mammal

large mammal
Lagomorpha

3

leporidae

35

11

1

41

Lepus sp.

66

176

11

39

200

Sylvilagus sp.

721

1280

129

42

2328

NID Rodentia

85

156

9

56

217

small Rodentia

3

2

large Rodentia

1

3

6
1

Microtus sp.

1

Myodes gapperi

7

7

Ondatra zibethicus

2

Neotominae

11

48

Neotoma sp.

46

60

Onychomys leucogaster
Peromyscus sp.

11
1

10
8

89

10
8

1

108
1

large Peromyscus sp.

14

14

1

1

1

2

3

12

54

Sciuridae
Cynomys sp.

58
124

Peromyscus sp?

small Sciuridae

3

1

1

74

Cynomys gunnisoni

2

2

Marmota flaviventris

1

1

Otospermophilus variegatus

1

1

Scurius aberti

1

Castor canadensis

5

9

Thomomys sp.

1

Thomomys bottae
Thomomys talpoides

1
2

4

13

6

3

5

7

3

1

15

1

1

1

Table 5.2. All taxonomic identifications, in taxonomic order, and NISP by time period: early,
middle, and late; and by context: kiva and room.
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Period
Level of Identification

Early

Dipodomys sp.
Dipodomys ordii
Erethizon dorsatum

13

1

7

15

Room
4

1

10

4

4

16

1

1
1

2
3

Canidae

1

1

Canis sp.

5

173

small Canis sp.

1

med Canis sp.

1

Canis familiaris
Canis lupus

Kiva

1

large Carnivora

Canis latrans

Late

1

Carnivora
sm/med Carnivora

Middle

Context

52

10

1
26

26

4

4

1

11

2

19

Vulpini
Vulpes vulpes

226

2

15
32

1

1

14

14

Vulpes vulpes?

4

4

Ursus sp.

1

3

2

1

5

Ursus americanus

1

6

2

1

13

2

1

Ursus arctos

2

Ursus arctos?

1

1

Gulo gulo

3

3

Martes americana

7

10

Mustela sp.
Mustela erminea

1

8

10

2

Mustela frenata
Taxidea taxus

1

25

2
6

2

4

258

Lynx rufus

5

Lynx rufus?

1

Artiodactyla

1

5

1

1

5

34

122

16

84

105

1

3

med Artiodactyla
med/lrg Artiodactyla

4
1

large Artiodactyla

11

large Artiodactyla?

1

Cervidae

10

large Cervidae

1

Cervus elaphus

4

Cervus elaphus?

28

134

4
1

10
1

3

7

46
1

17
2

Table 5.2. Continued.

2

1

7

42

1

1

Period
Level of Identification

Context

Early

Middle

Late

Kiva

Room

96

304

32

178

263

Odocoileus hemionus

6

42

6

24

31

Odocoileus hemionus?

1
2

Odocoileus sp.

Odocoileus virginianus

11

9

Odocoileus virginianus?

2

2
10

Antilocapra americana

4

23

Bison bison

1

1

Ovis canadensis

3

10

4

8

9

43

30

7

10

106

1

1

5

47

NID bird
small bird
med bird
med/lrg bird
large bird

2

1
10

34

8

5

402

1348

Galliformes

13

1

19
34

79

1808

1

1

1

3

Cyrtonyx montezumae

1

1

Phasianidae

1

1

Centrocercus urophasianus

1

2

Callipepla squamata

Dendragopus obscurus

1

2

Tympanuchus pallidicinctus

12

2

5

12
5

Tympanuchus phasianellus

1

1

Meleagridae?

1

1

Meleagris gallopavo

353

2044

Meleagris gallopavo?

2

1

Anas carolinensis

1

18

101

2497
4

1

Anas platyrhynchos

1

Anas strepera

1

1

Chen caerulescens

1

1

Mergus merganser

1

Chordeiles minor

1

1

12

2

14

Grus canadensis

1

4

Grus canadensis?

9

2

Zenaida macroura

Fulica americana

3
1

1

2
13
2

Bartramia longicauda
large Accipitridae

1

1
1

Table 5.2. Continued.
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1
1

Period
Level of Identification

Early

Accipiter sp.

Middle

Context
Late

Kiva

1

Room
1

Accipiter cooperii

1

Accipiter gentilis

1

Aquila chrysaetos

8

13

Aquila chrysaetos?

3

1

76

12

2

2

98

123

37

3

408

Buteo sp.
small Buteo sp.
Buteo jamaicensis

1

1

1
1

1

34
4

1
240

1

1

Buteo jamaicensis?

2

Buteo jamaicensis? Or lagopus?

6

Buteo jamaicensis? Or regalis?

4

4

Buteo lagopus

2

2

Buteo lagopus? Or swainsoni?

1

1

Buteo regalis

1

1

Buteo regalis?

2
6

1

Buteo swainsoni

2
1

2

1

Circus cyaneus

3
1

Haliaeetus leucocephalus

1

2

Haliaeetus leucocephalus?

1

1

Cathartes aura

1

1

Strigiformes

1

Athene cunicularia

1

Bubo virginianus

1

Colaptes sp.

4

1
2

2

1
4

Colaptes auratus

3

4

Melanerpes lewis

2

2

Falco sp.

1

Falco sp. (mexicanus or peregrinus)
Falco sparverius

1
1

4

1

5

8

Passeriformes

1

1

med Passeriformes

4

large Passeriformes

1

1

Eremophila alpestris

1

1

Corvidae

1

1

1

small Corvidae
Aphelocoma californica

3

1
1

Corvus sp.

1
1

Table 5.2. Continued.
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1

Period
Level of Identification
Corvus corax

Early

Middle

1

7

Cyanocitta stelleri

Context
Late

Kiva

Room

6

9

1

1

Gymnorhinus cyanocephalus

1

1

1

1

Pica hudsonia

3

1

1

3

Emberizidae

4

4

small Fringillidae

1

Icterus sp.

1

1

Turdus migratorius

1

1

Testudines

1

Chrysemys picta

2

NID amphibia

3

4
3

5
3

large fish

1

1

Onchorynchus sp.

1

1

Conus sp.

1

1

Table 5.2. Continued.

The NISP also is high for this assemblage. Preservation is very good and degradation due
to taphonomic effects, such as post-depositional carnivore gnawing, breakage, and exposure to
the elements, is low. The specimens are in excellent shape despite remaining in the original
excavation bags for almost 50 years. The assemblage displays low levels of fragmentation as
well, due largely to excavation methods that did not (or rarely) employed screening (Windes and
McKenna 2018), which undoubtedly resulted in higher levels of identifications as a result. The
small (unidentifiable or less identifiable) specimens would not have been adequately sampled
with these methodologies. These circumstances have resulted in an assemblage that is biased
toward larger bodied animals and more complete specimens. Elements that are typical of smaller
birds and mammals, fishes, and reptiles are lacking, especially among the smaller species that
should be present in higher numbers as intrusive taxa (Lang and Harris 1984:46).
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However, this does not mean that excavation methods missed these taxonomic categories
completely. For instance, if fish had been a common resource, it can be expected that more than
two specimens would have been recovered despite the excavation methods. In general,
archaeological excavation methods, are biased against smaller zooarchaeological specimens.
However, Butler (2001) demonstrated that, with regards to fish remains, smaller mesh screens
(1.6 mm versus 3.2 mm) did not significantly increase taxonomic richness and, in fact, create
bias towards larger fish. While screening the Sapa’owingeh assemblage would have likely
increased the number of recovered fish specimens, it would not have greatly increased their
percent NISP in the total assemblage.
Is the Sapa’owingeh Assemblage Representative?
Due to the nature of the Sapa’owingeh excavations, how can it be known that the
examined faunal remains are sufficient to provide a relatively accurate estimate of NTAXA?
Zooarchaeologists typically address this issue by sampling to redundancy, meaning that there is a
point where any additional samples or specimens do not add new information (Leonard 1987).
Sampling to redundancy as applied here may provide one solution. It does not reflect all taxa
present at a site or in a collection, but its purpose is to produce a statistically representative
sample of common taxa (Lyman 2008:143).
Sampling to redundancy is difficult to accomplish for the present study because rooms
were not randomly selected for excavation. Therefore, I calculated cumulative NTAXA curves
across excavation years to determine if Ellis’s project produced a statistically representative
sample of animal taxa. If the curve levels off, then new samples are not adding new taxa but
instead simply increase the numbers of preexisting taxa that are already present in the
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assemblage (Lyman 2008:147). Specimens in this analysis (n=7,182) are restricted to those
identified to genera and with a known excavation year.
Figure 5.1 shows that the total Sapa’owingeh assemblage cumulative richness never truly
levels off. The curve appears to begin to level with the addition of the 1969 excavation materials,
but another year of excavation would have been necessary to know if the site had been sampled
to redundancy. This figure does not convey which taxa are driving this pattern, so cumulative
curves for mammalian and avian taxa were calculated separately (Figure 5.2). Curves for
amphibians, fishes, and reptilians were not created because they are rare in the assemblage.

Figure 5.1. Cumulative frequency chart showing yearly cumulative richness of fauna genera.
This figure does not include identified specimens without a recorded excavation year. NISPcum
is the cumulative tally of yearly identified specimens and NTAXA is the cumulative tally of
yearly identified taxa. Both are tallied by excavation years. The curve does not truly level,
indicating that the total Sapa’owingeh faunal assemblage is not a statistically representative
sample of common taxa.
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Figure 5.2. Cumulative frequency charts showing yearly cumulative richness of mammalian
genera (A) and avian genera (B). NISPcum is the cumulative tally of yearly identified specimens
and NTAXA is the cumulative tally of yearly identified taxa. Both are tallied by excavation
years. The mammal curve begins to level off, indicating that the mammal specimens may be
statistically representatitive of common taxa. The avian curve does not level, indicating that the
identified avifauna taxa do not statistically represent common taxa.

The cumulative curve for mammalian genera (Figure 5.2A) levels off with the addition of
the 1969 data. Keeping in mind that these excavations were unscreened, this indicates that the
total assemblage is representative of the site population for mammals. The cumulative curve for
avian taxa (Figure 5.2B) increases with the addition of samples from each excavation year.
Therefore, the Sapa’owingeh assemblage is not representative of all avifauna at the site. This
illustrates the need for screening and the character of assemblages that are produced without it.
For a comparative example, the Arroyo Hondo project utilized quarter-inch mesh screens
(Lang and Harris 1984:230) and produced almost 25,000 fauna specimens with 62% identifiable
to the level of genus or species (Lang and Harris 1984:5, 22). Given the size of the total analyzed
assemblage at Sapa’owingeh (n=14,025) and the high NISP (55.5%), I argue that the
Sapa’owingeh assemblage is representative for large and medium-sized taxa, even when the
excavation methods are considered. Taxa representation for these species at Sapa’owingeh is
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therefore sufficient to address food security issues and most Tewa practices, which also focus
primarily on large and medium taxa.
Richness and Evenness
It also is important to understand taxonomic diversity by period before analyzing the data
for food security patterns because many of the indices utilized for calculating food security rely
on taxonomic distribution. Examining these patterns on their own can help elucidate what is
driving patterns in the data and how animal use relates to population growth and changes in
precipitation, both of which can affect animal abundances in the environment. Diversity is
measured through richness and evenness. Richness is the NTAXA identified for a given temporal
period, and evenness is the distribution of the NISP across NTAXA (Lyman 2008:143, 162). An
even assemblage is one in which all taxa have a similar NISP, whereas an uneven one has one or
more dominant species (Faith and Du 2017). NTAXA and NISP alone are not enough to
understand taxonomic diversity because they do not reflect how those NISP counts are
distributed across identified taxa.
Researchers measure evenness in several ways (see Faith and Du 2017). The Simpson
index (D) is utilized here (Simpson 1949). The Simpson index is a heterogeneity index that is
sensitive to evenness and richness but is not influenced by rare taxa (Faith and Du 2017: Peet
1974). The index is calculated as follows:
Ʃ𝑛𝑛i(𝑛𝑛i−1)

D′ = � 𝑁𝑁(𝑁𝑁−1) �
where ni is the abundance of taxon i and N is the total number of individuals in the sample. D
decreases as evenness increases.
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The Simpson index is calculated here as 1-D′, such that the calculated Simpson Diversity
Index (SDI) increases as evenness increases. It also should be noted that the SDI is not
influenced by changes in sample size or richness, especially when the sample size is low, or
sampling is poor (Faith and Du 2017).
When all taxa are examined collectively, richness is high during the early and middle
periods, but it drops during the late period. However, a high SDI for all periods indicates that
evenness did not change through time (Table 5.3). It is unclear what is driving this pattern, so I
examined mammalian and avian taxa separately given that they make up most of the faunal
assemblage. Figure 5.3 shows richness, measured as NTAXA, and evenness, measured as SDI,
for mammals and birds for early, middle, and late time periods.

All Fauna
Period
Early
Middle
Late

NTAXA
42
54
20

NISP
1807
4668
337

SDI
0.77
0.72
0.78

Mammalian Fauna
Period
Early
Middle
Late

NTAXA
22
24
14

NISP
1073
2390
275

SDI
0.53
0.67
0.69

Avian Fauna
Period
Early
Middle
Late

NTAXA
19
27
6

NISP
732
2273
62

SDI
0.58
0.19
0.51

Table 5.3. NTAXA, NISP, and SDI for all fauna, mammalian fauna, and avian fauna by time
period.
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Figure 5.3. Richness and evenness by genera (bird or mammal) and time period. Richness is
measured as NTAXA and evenness by SDI. Total counts for each category also are listed.
Mammal evenness is moderately high, but richness drops during the late period. Avian richness
and evenness vary greatly through time.

In the early period when Sapa’owingeh was established as a Classic Period village,
mammalian richness was high, and evenness was moderate. Cottontail dominated the assemblage
followed by deer. Many Pueblo assemblages have higher percentages of Lagomorph because
they are more abundant in the environment immediately surrounding villages (Dean 2001), so
this comes as no surprise. Avian genera richness and evenness is similar with turkey dominating
followed by hawks.
Population in the village peaked in the middle period and began to level off at A.D. 1450
(Duwe 2013). This corresponds with mammalian richness, which is slightly higher than it was in
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the previous period. Evenness increases during this time as well. Cottontail and deer are still the
most common genera, but Canis sp. shows an increase. Avian richness is high, but evenness is
very low, and turkey overwhelmingly is the best represented species.
In the late period, the Sapa’owingeh population decreased until the site was no longer
occupied. This corresponds to low richness for all taxa during this time, especially avifauna.
Evenness remains high for mammals and moderate for birds.
When examined together, these patterns reveal that Sapa’owingeh residents exploited a
diversity of species from early occupation to depopulation. Richness and evenness for mammals
were greatest during the Middle Classic when population was at its peak. Interestingly, evenness
is lowest during this time for avian taxa. The SDI further suggests that turkey was a crucial
resource and preferred over other species. Richness is lowest during the late period and avian
evenness is moderate as it was in the early period. Sapa’owingeh residents utilized fewer animals
during the latter stages of occupation and scaled back turkey raising. Fewer mammalian taxa
were utilized overall. These patterns suggest that food security was difficult to maintain towards
the end of the occupation.

Pueblo Turkey Husbandry
Given the prevalence of turkey in the Sapa’owingeh collection, it is worth considering
how animal management may have had a bearing on the relative availability of food and the
social conventions that influenced the distribution of animal protein. Evidence that turkeys were
raised and kept within the village is abundant and includes eggshell, pens with turkey dung,
juvenile turkeys, and healed breaks on long bones. Previous research has shown that population
growth and resulting decreases in the relative abundance of locally available wild game
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necessitated an increase in animal protein production within settlements that would have been
provided by these birds (Badenhorst and Driver 2009; Clark 1998; Driver 2002; Potter 1995;
Spielmann and Angstadt-Leto 1996; Szuter and Bayham 1989). Other studies have demonstrated
that Classic Period ritual elaboration in large villages further increased the demand for raw
materials and for avian ritual paraphernalia (e.g., feathers for prayer sticks and dance costumes,
bones for whistles and beads) (Adams and LaMotta 2006; Hill and Lange 1982; Muir and Driver
2002; Ortiz 1969; Parsons 1939; Ruscavage-Barz and Bagwell 2006; Tyler 1975, 1991; Van
Keuren and Glowacki 2011). Moreover, turkey remains have been found at every major Pueblo
IV site in the northern Rio Grande (Lang and Harris 1984:99) and turkey was a crucial source of
protein and raw materials. In this section, I review the different lines of evidence from the
Sapa’owingeh assemblage that demonstrate the active management of flocks and investment in
turkey raising for food. I also show how the health and morbidity of turkeys changed over time
and the implications of this for understanding indirect evidence for the relative availability of
food. I relate these findings to additional measurements and evidence for food security that
include wild game in subsequent sections.
Evidence for the Use of Turkey as Food
Turkey and indeterminate large birds make up almost one-third of the faunal assemblage
excavated from Sapa’owingeh. Data from other archaeological sites show that turkeys were
managed at other Pueblo IV villages and that they had increased in importance by comparison to
the Pueblo III Period (A.D. 1150-1300). Pueblo III sites have a lower percentage of turkey,
including 9% of the assemblage at Arroyo Hondo, 14% at North Band, and 15% at Red Snake
Hill. Pueblo IV sites have a higher percentage with 23% at Pueblo de Encierro and 29% at Alfred
Herrera (Lang and Harris 1984:100).
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Turkey is incredibly common in Southwest faunal assemblages and many
zooarchaeologists assume that large bird specimens are turkey without thorough investigation
(Badenhorst and Driver 2009). This study presents a detailed investigation (see Chapter 4 for
identification methodology), but it is unknown what approach was used for the comparative
sites. Therefore, the percentage of turkey at Sapa’owingeh is calculated both with and without
the indeterminate large bird count. The Sapa’owingeh data nevertheless fits the trend with 32%
turkey and large bird or 19% turkey only. The conclusion that turkey was an essential food
resource for village residents is supported by several other lines of evidence as well. Scattered
specimens in refuse middens across all contexts, in addition to cut marks, burning, and the high
number of adult birds indicate that turkeys were not just used for their feathers, they also were
eaten (Munro 2006).
The Lack of Dogs as Evidence for Investments in Turkey Husbandry
Dogs (Canis familiaris) are known to attack turkey and are especially dangerous to young
birds that cannot fly or defend themselves. Limiting the number of dogs within the village may
have been a tactic to protect turkey resources and investments in their management. Similar to
Arroyo Hondo (Lang and Harris 1984:87) and Albert Porter Pueblo (Badenhorst 2008:70), both
of which had high numbers of turkey, dogs appear to have been rare at Sapa’owingeh. At
Sapa’owingeh, only 27 specimens were securely identified to C. familiaris. An additional 239
elements were identified to the genus level but 144 of these came from a single young juvenile
canid burial that was placed within a room (DX11) containing high numbers of turkey remains.
C. latrans and C. lupus are also identified in the assemblage. This dilutes the Canis pattern
somewhat but nonetheless shows that dogs were uncommon compared to turkey, the only other
domesticated animal in the village. While there is a noticeable decrease in the prevalence of dog
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remains within the American Southwest following their peak during the Pueblo II Period (Akins
1985:353; Emslie 1978), their high numbers in ritual interments at Homol’ovi, a cluster of
villages occupied from Pueblo III to Pueblo IV in the Little Colorado River Basin of Arizona,
suggests that their decreased numbers following the Pueblo II Period may be regional in scope
(Strand 1998; LaMotta 2006)
Measurements in Management Through Healed Fractures and Health.
Tethering hens and hobbling wings to keep captive birds from escaping were common
Pueblo practices that often resulted in deadly injuries (Durand and Durand 2008; Fothergill
2012; Grimstead et al. 2016). A hobbled bird cannot fly or walk and is more susceptible to
attacks, starvation, and dehydration, especially if it is a wild bird. Zooarchaeological analyses
reveal that one juvenile and five adult birds at Sapa’owingeh had dislocated fractures to the
tibiotarsus or tarsometatarsus that had begun to heal or were fully healed before death (Figure
5.4). Survival from such injuries is possible only if caregivers intentionally splint the limbs to
mitigate the damage and extend the lifespan of the bird (Lang and Harris 1984:102). Given that
the injuries were not more common, the birds were likely controlled in other ways, such as
penning.
Evidence for the Scale of Turkey Husbandry in the form of Housing and Pens
The primary evidence for extensive turkey husbandry at Sapa’owingeh is penning.
Penning is identified in the archaeological record by accumulations of turkey dung, gizzard
stones, eggshell, and juvenile remains within outdoor enclosures or indoor rooms. Pueblo III
Mesa Verde cliff dwellings include pen features that consist of either one large room or a cluster
of pens for community-wide coordination (Nickens 1981; Rohn 1971, 1977; Nordenskiöld
1893), whereas Pueblo IV villages typically include multiple pens with turkey dung (Lang and
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Figure 5.4. Arrows indicate healed and dislocated tethering fractures on an adult right
tarsometatarsus (upper) and juvenile left tibiotarsus (lower).

Harris 1984:87; Kelley 1934; Stubbs and Stallings 1953). At Sapa’owingeh 31 of the 268
excavated rooms had floors with layers of turkey dung and eggshell. These rooms were found in
all plazas and time periods and they also ranged in size. This indicates that turkey husbandry was
not only a community-wide practice, but that it also varied in intensity, with larger rooms able to
accommodate bigger flocks. Two outdoor pen structures built against exterior walls with upright
posts also were located in the interior of Plazas A and F (Figure 5.5). While abandoned rooms
may have been repurposed as turkey pens, a great deal of architectural space was nonetheless
dedicated to turkey husbandry, and a great deal of time and resources would have been necessary
to raise the birds to harvesting age. This provides further evidence, not only for intensification in
turkey husbandry at the site, but also to the scale of investment in turkey raising.
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Figure 5.5. Portico A49 looking northeast. The upright wooden posts in the excavation unit
formed the wall of an outdoor turkey pen (Maxwell Museum of Anthropology).

Evidence for Domesticate Health in the Mortality Profiles of Turkeys and Large Birds
Mortality profiles also can be used to evaluate domesticate health and hence how well (or
poorly) birds were managed in the past. For this analysis, I constructed mortality profiles of
turkey and large bird remains for each temporal period. This included 3,080 specimens (67.7%
of the turkey and large bird) that were recovered from securely dated contexts and that could be
assigned to an age category. As mentioned previously, specimens identified to large bird are
included with the turkey counts because turkey is so common it is often assumed that large bird
specimens are turkey, and thus large bird is included in many measures examining turkey,
especially the Turkey Index (Badenhorst and Driver 2009). Therefore, I include large bird in the
mortality profile for consistency. I further refined the samples to exclude the interred articulated
specimens from room DX11 in order to mitigate the biasing effects of what are essentially
“cached” individuals. This resulted in a total of 1,868 specimens (41% of the turkey and large
bird).
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I utilized McKusick’s (1986) age categories, which are based on fusion rates and physical
characteristics. This enabled me to evaluate the age structure of death assemblages using five
categories: juvenile, immature, young adult, adult, and old individuals. Figure 5.6 illustrates the
results. Mortality is high for juvenile birds and adults across all temporal periods. The late period
contains a higher proportion of adult specimens, but the total NISP (n=27) is much lower than
any other period (early n=542, middle n=1,299). In general, many birds died before six months,
especially during the early period at 52.6% and the middle period at 35.6%. This reflects a die
off before the birds reached sexual maturity or full size. The mortality of this age group suggests
that basic needs were not met during a crucial life stage in the turkey populations. In addition to
the previously discussed tethering and hobbling injuries, skeletal pathologies, especially
hypocalcemia (low calcium) deformities, abscesses from infections, and crooked keel among
older juveniles and young adults, suggest that the birds suffered from nutrient deficiencies and
unhygienic cramped enclosures (Schorger 1966:910). Faunal analyses of the Arroyo Hondo
assemblage yielded similar findings, including hobbling injuries, nutrient pathologies, and high
mortality rates of young turkeys (Lang and Harris 1984:101). If the residents of the greater
Southwest fed their turkeys a primarily corn-based diet, as previous researchers have suggested
(Jones et al. 2016; Lipe et al. 2016; McCaffery et al. 2014; Rawlings and Driver 2010) this
would have affected the ability of the birds to maintain healthy levels of calcium, which in turn,
would have impacted their fertility and overall health, manifesting as diseases such as crooked
keel (Bartosiewicz and Gál 2013:229-230).
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Figure 5.6. Turkey and indeterminate large bird mortality profile through time. Bar labels are
NISP for each age range by time period. Mortality is high for juvenile and adult birds but low for
immature, young adult, and old birds across all temporal periods.

Interestingly, early age die off is low in the late period (as represented by only 3.7%
juveniles), but the overall number of specimens also is lower. Munro (2006) suggests two
scenarios for the general lack of turkeys during this period of village depopulation based on work
conducted at Mesa Verde. Turkey husbandry either was in decline during settlement
depopulation, or households moving out of the Pueblo took their birds as they left. Low levels of
turkey during this period are discussed further below in reference to food security and the Turkey
Index.
A second notable pattern is the large number of adult birds through time. Turkeys reach
full size and sexual maturity at the young adult stage (Ligon 1964). The only time juveniles
outnumber adults is during the early period. The residents of Sapa’owingeh kept (or harvested)
birds past their optimal size. This shift to higher death rates among older birds during the middle
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period may be explained by better management of flocks, which in turn, may be related to
increased food security as discussed further below. Moreover, many of the adult specimens from
the late period are represented by whistles or other modified tools (n=12 of 27 or 44%). The
deposition or caching of these specimens in the latest contexts is consistent with Pueblo practices
of room closure upon abandonment (Hill 2000; Mills 2008; Walker 1995). The general lack of
unmodified turkey in these contexts therefore signals broader processes of depopulation that
were already underway by A.D. 1550.

Measures of Food Security
So far, I have demonstrated that the Sapa’owingeh assemblage is large and that it is
sufficiently rich and diverse to evaluate patterns of variation in the availability of wild and
domesticated species. I also have shown that domesticate health and morbidity provides an
indirect, albeit effective, proxy measure for changes in the availability of animal protein within
the confines of the village over time. In the sections that follow, I use several commonly utilized
zooarchaeological measures to evaluate the availability and use of wild and domestic animals at
the site. These include faunal indices, which track changes in relative species representation in
the assemblage, burning, which evaluates bone processing intensity, and fragmentation, which
documents the intensification of animal use. I first address temporal patterns in these data, and
then I examine whether any patterns are detected across different contexts at the site.
Food Availability and Use over Time
Faunal Indices. Commonly utilized faunal indices measure the availability and/or
utilization of prey species in the environment. They are also employed in zooarchaeological
studies as measures of resource depression (Charnov et al. 1976; Driver 2002; Szuter and
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Bayham 1989). Here, I use the Artiodactyl Index (AI), Lagomorph Index (LI), Carnivore Index
(CI), and Turkey Index (TI) to measure food availability as a category of food security. Table 4.4
in Chapter 4 defines these indices and the formulas I used to calculate them.
Each index estimates the percentage of a target taxa in relation to taxa of similar body
size or category. All measures were calculated exclusively with specimens from datable contexts.
Data from several other contexts also were excluded to account for taphonomic biases. For
example, turkey and large bird counts from room DX11 (dating to the middle phase) were
excluded because the fauna in this context consisted of more than 20 articulated, semiarticulated, and scattered turkey interments with specimens from an additional six individuals
totaling to nearly 2,000 specimens identified to Meleagris gallopavo and indeterminate large
bird. Including these counts would drastically skew the TI and CI calculations. These indices are
intended to measure resource use, but the turkey interments from room DX11 represent ritual
events that are not consistent with the use of these birds for food.
Sylvilagus spp. and Lagomorph counts were removed for similar reasons in rooms DW7
and DW8. Field notes and room reports from these contexts show that many cottontail specimens
were scattered in the fill above the floors (Friedland 1968; Romero 1968; Silver 1968). Student
field notes for DW8 describe the presence of rabbit burrows and nests at the floor level.
Excavators collected only a sample of the fauna from these levels because of the large number of
intrusive individuals, further making this assemblage problematic and unrelated to food use. In
sum, a total of 1,322 specimens from these contexts were excluded to measure small mammal
use more accurately.
Figure 5.7 compares the calculated faunal indices by period (early, middle, and late).
During the early period large game use was low as indicated by the low AI. The LI shows that
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cottontail exploitation, which is driving the AI pattern, is high by comparison to larger
jackrabbits. The TI is moderate and indicates that turkey was an important resource during early
occupation of the site, and that founders of the village may have brought their birds with them
from their previous residences (Munro 2006). The CI is almost negligible, suggesting that
predators were limited, and that the small game they relied upon were not immediately available
in the surrounding environment.

Figure 5.7. Artiodactyl Index (AI), Lagomorph Index (LI), Turkey Index (TI) and Carnivore
Index by time period. This figure shows changing patterns of animal use over time. The early
period is characterized by high LI and TI use and the middle period by relatively even use of all
animal resources. The index for LI is high throughout and dominates during the late period. The
low CI through time indicates that predators, and therefore their prey, were limited in the
immediate environment surrounding the village.
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The Middle Classic reflects a shifting pattern of faunal use. The AI increases to a
moderate level, suggesting that hunting for large game may have been necessary to support a
growing human population, although it is still unclear exactly how these animals were distributed
or used. I address this issue further in subsequent sections. The LI decreases slightly and the TI
increases. This suggests that small animals were still essential food items despite the increased
exploitation of large mammals. The higher TI also may reflect increased use of turkey elements
for non-food related social or ritual activities such as music, costuming, and dance. The CI
remains low.
The AI drops back to initial levels during the late period. The LI increases to its highest
level, and the TI decreases to a great degree. The CI increases slightly but remains low. This
suggests that large game may have become overhunted during the late period (Potter 1995) or
that the large social events utilizing these taxa decreased in frequency or scale by this time. As
already mentioned, turkey rearing had also diminished considerably during the late period of
occupation.
When examined together, these trends in the faunal indices reflect a high reliance on
turkey and cottontail through time. The low AI in the early and late periods suggests that large
game availability was limited, which also is supported by the low CI values. Sapa’owingeh
residents may have relied on small game and domesticated turkey for daily protein needs during
these times. The increase in large game during the middle period indicates that deer, pronghorn,
elk, and bighorn sheep sustained a burgeoning population in the village and the community
activities and ceremonies that required a lot of food.
The prevalence of cottontail over jackrabbit is difficult to interpret due to site taphonomy,
but the high LI values suggest that solitary cottontail hunting may have been more common than
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communal drives (Szuter and Bayham 1989). The slight decrease in the LI during the middle
period, when compared to an increase in the AI, suggests a higher occurrence of communal
hunting of jackrabbits and large game. The sharp decrease in turkey during the late stages of
occupation indicates that turkey resources and husbandry practices dwindled as the population
began to decline.
One disadvantage of these indices is that they do not address other small game mammals,
which make up 11.4% (n=1,610) of the non-lagomorph assemblage. It is difficult to discern
significant trends in small mammal exploitation because of the lack of excavation screening at
the site, but some useful patterns are still apparent based on presence or absence data sorted by
temporal context. Almost half of these species are rodents (n=781), and the remaining majority
are unidentifiable mammals that can only be sorted by body size. The most notable species
include beaver (n=18), pack rat (n=125), porcupine (n=23), prairie dog (n=80), and pocket
gopher (n=26).
Additional patterns in the availability of food also can be discerned when these mammal
frequencies are examined relative to artiodactyl, lagomorph, rodentia, and Ursus species. For
example, the graphed data in Figure 5.8 show that the prevalence of rodents in the assemblage
increased as Lagomorph decreased during the middle period. The Artiodactyl Index was at its
highest during this time. The middle period also corresponds to peak human population at
Sapa’owingeh. This trend suggests that a wide range of animals were hunted when protein
demand was at its highest. Similar patterns have been found in the Arroyo Hondo
zooarchaeological data (Lang and Harris 1984:55).
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Figure 5.8. Percentage of NISP through time for Artiodactyl, Lagomorph, Rodentia, and Ursus
sp. This chart shows that artiodactyl and rodent species increased as the percentage of cottontail
and jackrabbit species decreased. Bear use remained low through time.

Burning. Zooarchaeologists frequently use the presence or absence of burning in a bone
assemblage as an independent measure of processing that can support or refute statements based
on fragmentation (Potter 1995). Heating bones is common to promote element fracture,
especially for the robust limbs of Artiodactyls, and the charring of bones may increase during
processing for marrow or grease. Burning therefore is utilized here as a measure of food use
because it addresses the intensity of animal carcass processing.
Table 5.4 shows the percentage of burned specimens by taxa and temporal period. For all
taxa, the prevalence of burning is low throughout occupation (Table 5.4A). Artiodactyl
specimens, however, had the highest amount of burning (15.43%) during the early period (Table
5.4B). This dropped by over half (6.01%) during the middle period and by nearly half again
(3.13%) to the late period. It is possible that large game species were processed more intensively
during the first period of occupation at Sapa’owingeh and less intensively during the middle and
late periods. Not surprisingly, the initial drop during the middle period corresponds to the highest
TI and AI indices, suggesting that it was not necessary to process bone so intensively when food
abundances were high. Although birds were not typically processed for grease, it is important to
examine them anyway because they make up a third of the assemblage. Turkey and large bird
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have a low incident of burned specimens (1.92-3.57%) and show no discernable pattern (Table
5.4C). Lagomorphs show a similar low prevalence of burning (1.43-2.04%) (Table 5.4D).

A. All Taxa
Early
Middle Late
None
3091
8295
555
Burn
155
318
12
Total
3246
8613
567
%Burned
4.78
3.69
2.12
B. Artiodactyla
Early
None
Burn
Total
%Burned

Middle Late
137
547
62
25
35
2
162
582
64
15.43
6.01
3.13

C. Turkey and Large Bird
Early
Middle Late
None
742
3272
51
Burn
15
121
1
Total
757
3393
52
%Burned
1.98
3.57
1.92
D. Lagomorpha
Early
None
Burn
Total
%Burned

Middle Late
807
1440
138
18
30
2
825
1470
140
2.18
2.04
1.43

Table 5.4. Counts and percentage of burned specimens by all identified taxa, Artiodactyl only,
turkey and indeterminate large bird only, and Lagomorpha only. A) For all taxa, the prevalence
of burning is low through time. B) For Artiodactyla, the percentage of burned specimens is
highest during the early period but decreases through time. C) Turkey and large bird and D)
Lagomorpha show no discernable pattern of burning.

158

Fragmentation. As indicated above, zooarchaeologists typically interpret highly
fragmented bone assemblages as evidence for resource intensification and food availability
(Potter 1995). Assemblages that are considered to be highly fragmented are those in which a
larger percentage of fragments are less than one-quarter complete. Following Potter (1995), I
used artiodactyl elements to measure levels of fragmentation as a proxy for processing intensity,
but I excluded all cranial elements except for mandibles (n=628). Artiodactyls were chosen
because they are abundant in the assemblage and their bones are less likely to be subjected to
natural taphonomic fragmentation (Clark 1998). In order to quantify the data, I identified
fragmentation level based on the proportion of the whole element represented by each fragment.
This enabled me to assign each piece to one of five categories of completeness: less than onequarter (L), one-quarter (Q), half (H), three-quarters (T) and complete (C).
Overall, the total number of complete elements decreased through time while fragments
that were one-quarter or less complete increased. To examine this pattern further, I tabulated
fragmentation categories separately for low-marrow and high-marrow elements. High-marrow
elements (humerus, radius, femur, tibia, and metapodials) have a larger marrow cavity and
therefore a potentially higher marrow and grease yield that is more easily obtained when
crushed. Low-marrow elements are the mandible, axial elements, and remaining appendicular
elements that have a lower yield and require more intensive processing (Potter 1995). As already
stated, cranial elements, except for the mandible, were not included because they usually are not
processed for bone grease (Binford 2012:32).
High-marrow elements (n=312) were processed intensively through time as shown by the
black and white bars in Figure 5.9A. These bars indicate that up to 80% of all element fragments
were assigned to the L (less than one quarter) and Q (quarter) categories across all three temporal
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periods (early, middle, and late). Figure 5.9B further demonstrates that the processing of low
marrow elements (n=316) increases over time. Complete specimens decreased sharply through
time from 53.7% at the beginning of occupation to 38.1% during the middle period and 17.3%
during the late period. The percentage of less than one-quarter and one-quarter complete
specimens increased from the early period to the middle period and decreased only slightly
during the late period. This implies that not only did Sapa’owingeh residents process large game
elements intensively, but they also invested the energy required to extract nutrients from
elements that yield very little marrow and grease.

Figure 5.9. Stacked bar charts showing the proportions of the artiodacyl assemblaged assigned to
each of the five completeness categories (L, Q, H, T, and C). Chart A presents the results for the
high-marrow elements, and chart B for the low-marrow elements. The data from early, middle,
and late period components are segregated from left to right in each chart. Fragmentation of
high-marrow elements remained high through time and increased through time for low-marrow
elements.

I also looked for correspondences between these patterns and the observed patterns on
burned elements. As it turns out, burning remains steady over time for low-marrow elements and
it decreases over time for high-yield elements even though processing (fragmentation) increases.
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It seems that for the Sapa’owingeh assemblage, burning does not relate to processing intensity as
predicted by Potter (1995).
Food Availability across Contexts
The compartmentalized nature of the architecture at Sapa’owingeh makes it possible to
examine the same food availability measures across different contexts at the site. Ellis’ crews
excavated four clearly defined contexts, including kivas, rooms, porticos, and plazas, but nearly
all the dated contexts sampled as part of this study came from kivas and rooms. Very few
specimens were recovered from plazas and those that were recovered came from undated
contexts. Portico and trench contexts also were eliminated from analysis because it is difficult to
resolve the spatial issues associated with excavation and how these data were recorded. For
example, trenches were utilized to expose buried features and sometimes uncovered unexpected
rooms, which were not always carefully recorded upon discovery. Porticos also were
problematic. These long, covered shades or porches were affixed to room blocks above doors,
and in some cases, were later converted to closed rooms. This makes it difficult to segregate and
date the collections. These issues limit the analysis of spatial patterns to kiva and room contexts.
However, I should also point out that it is not possible to compare the spatial distributions of
different elements recovered from contemporaneous contexts over time because kiva contexts
and the fauna provenienced to them are too limited to make such analysis possible. Instead, I
apply the same measurements and indices presented in the previous section, in addition to
diversity measures, to make broader generalizations about availability of food in the village.
Moreover, it is often assumed that the fill in closed kivas is the result of public events
because these structures are in plazas where events like communal feasts occur, making them
easily accessible for trash disposal. Similarly, it is assumed that the fill in rooms, which are more
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private, are the result of domestic events. However, this patterning is complicated by so called
Pueblo IV ceremonial rooms, discussed in Chapter 3, which are different kinds of spaces than
kivas or domestic rooms. These rooms were society, sodality, or moiety spaces for private
ceremonies, storage, and meetings that took place outside of kivas (Ballagh and Phillips 2014) or
were restricted spaces within households (Parsons 1962). Assemblages are also complicated by
kiva closure and abandonment practices that may involve purposeful and careful deposit of fill
within kivas (Adams and Fladd 2017; Van Keuren and Roos 2013). The assumption about kiva
and domestic contexts is examined through patterning in the data.
Richness and Evenness. Diversity can be examined spatially and can reveal how
resources were distributed and controlled. Table 5.5 shows that richness was over twice as high
in rooms than in kivas, and yet evenness as measured again here by SDI, also is high overall.
This contradictory finding is resolved when mammalian and avian fauna are examined separately
(Figure 5.10).

All Fauna
Context NTAXA NISP
Kiva
30
500
Room
63
7097

SDI
0.76
0.76

Mammalian Fauna
Context NTAXA NISP
Kiva
15
364
Room
29
3924

SDI
0.63
0.63

Avian Fauna
Context NTAXA NISP
Kiva
15
136
Room
31
3166

SDI
0.44
0.35

Table 5.5. NTAXA, NISP, and SDI for all taxa, mammalian taxa, and avian taxa by context.
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Figure 5.10. Bivariate plot of richness and evenness (SDI) by genera and context. Mammal
richness is low and evenness moderate in kivas, but richness is high, and evenness is moderate
for rooms. Avian richness is similar to the mammals from kivas and rooms, but evenness is
lower.

For kiva contexts, mammal richness is low, and evenness is moderate. Deer (n=213)
dominate the mammal assemblage. For room contexts, richness is high, and evenness is
moderate. Cottontail (n=2,328) dominate in these contexts. This suggests that a greater diversity
of mammals was recovered from domestic contexts, and that small mammals were disposed of
more frequently in rooms than in kivas. Avian richness is similar to the mammals from kivas and
rooms, but the evenness is lower. Turkey makes up most of the assemblage in kivas (n=101) and
in rooms (n=2,500) but hawk element counts (n=521) also are high in rooms. Interestingly, only
a few avian genera are unique to kiva contexts, including harrier hawks (Circus sp.) and owls
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(Athene sp.). This analysis also shows that turkey was a ubiquitous resource not restricted to
domestic or communal use. The lower mammal diversity in kivas further suggests that events in
or near these ceremonial structures utilized select species, especially large game (Gnabasik
1981). This supports the assumption that trash in kivas reflects communal events whereas rooms
reflect domestic consumption.
Faunal Indices. Faunal indices elucidate the patterns seen in richness and evenness
between kiva and room assemblages. As with faunal indices calculated by period, the measures
in this portion of analysis eliminated the turkey interments in DX11 and the cottontail specimens
from burrows in DW7 and DW8, which tend to bias the overall pattern in spatial data. Figure
5.11 illustrates the distribution of Artiodactyl, Lagomorph, Turkey and Carnivore Indices across
kiva and room contexts.
These distributions show that the Artiodactyl Index is significantly higher in kiva
contexts than in rooms. This indicates that large game was used and consumed more often in
public events. A G-test goodness of fit shows that these differences are significant (G= 724.56,
p=.000). If kiva contexts do contain the refuse from community-wide events as researchers have
proposed, we can conclude that large game like deer, elk, pronghorn, and bighorn sheep were
exploited to support community events rather than domestic consumption. Dean (2001) found
similar results in her study of sites in the Silver Creek area of east-central Arizona, which
showed that large game elements were more common in village areas associated with public
feasting. Communal feasting with an emphasis on large game also increased in the Zuni region
during the Pueblo IV Period as demonstrated by Potter (1997).
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Figure 5.11. Artiodactyl Index (AI), Lagomorph Index (LI), Turkey Index (TI) and Carnivore
Index by context. The AI is higher in kiva contexts than in rooms, the LI is low in kivas and
moderate in rooms, and the TI is similar across contexts. The CI is low but slightly higher in
rooms.

The LI is low in kivas and moderate in rooms, suggesting that smaller game was found
more in domestic contexts while the larger jackrabbit was more likely to be consumed
communally (Gnabasik 1981). This fits with Potter’s (1997) expectation that communally hunted
species should appear more frequently in ceremonial contexts.
Interestingly, the TI is the same across both contexts. This indicates that turkey
consumption was not restricted to communal or domestic spaces. Potter has argued that turkey
husbandry during the Pueblo IV Period in Zuni increased because of the demand to support
communal feasting (Potter 1997, 2000), but a similar pattern is not evident at Sapa’owingeh. It
could be that the high TI in rooms at the site are due to the apparent practice of penning these
birds in abandoned dwellings.
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Also surprising is that the CI is slightly higher in rooms. The CI is meant to be a proxy
measure for prey availability. Given that carnivores consume prey, a higher CI indicates that
prey animals were more readily available in the immediate environment and consequently more
likely to be encountered by hunters in similar pursuits (Driver 2002). The index can also address
access when examined spatially. However, the higher carnivore NISP in rooms (n=332) versus
kivas (n=8) is heavily influenced by the presence of a single articulated juvenile American
badger in room EW2. Unfortunately, the notes and reports for the Plaza E excavations are lost.
Not enough information about this room and the excavations are available to determine if this
articulated individual was intentionally interred or intrusive to the context (Hill 2000). Even
though all the vertebrae and ribs are burned, it is difficult to know if the room or the animal was
burned. Nonetheless, when the American badger specimens are removed, the carnivore NISP in
rooms (n=132) still results in a higher CI for room contexts, though it is still very low. Their low
numbers in the assemblage indicates that access to carnivore species was tightly controlled,
which is consistent with the ethnographic record. Carnivore use among the Tewa is highly
restricted and typically these taxa are only accessible to people with the religious authority to do
so (Henderson and Harrington 1914; Hill and Lange 1982; Parsons 1939). Therefore, carnivores
are expected to be present in higher numbers in ceremonial contexts, which would include
ceremonial rooms during the Pueblo IV Period (Adler 1993; Ballagh and Phillips 2014; Davis
and Winkler 1975). Many of these specimens are tools, ritual objects, or interments. These
artifacts are discussed extensively in Chapter 6.
Burning. As discussed previously, burning is rare in the Sapa’owingeh assemblage. Table
5.6 shows the percentage of burned specimens by context and taxonomic category. Only 10.53%
of the total kiva assemblage is burned and this percentage is even less in rooms (3.03%).
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Interestingly, the higher percentage of burning in kivas is due to the Lagomorph specimens, of
which 19.51% were burned.

All Taxa
Kiva
Room
None
1334
11603
Burned
157
362
Total
1491
11965
%Burned
10.53
3.03
Artiodactyla
Kiva
None
Burned
Total
%Burned

311
20
331
6.04

Room
494
41
535
7.66

Turkey and Large Bird
Kiva
Room
None
172
4174
Burned
8
135
Total
180
4309
%Burned
4.44
3.13
Lagomorpha
Kiva
None
Burned
Total
%Burned

Room
66
2539
16
33
82
2572
19.51
1.28

Table 5.6. Counts and percentage of burned specimens for context by all identified taxa,
Artiodactyla only, turkey and indeterminate large bird only, and Lagomorpha only.

Fragmentation. Artiodactyl fragmentation was compared between kiva and room contexts
to examine large game use in communal and private spaces. As summarized above, communal
feasting during the Pueblo IV Period increased the demand for large game to provision ritual
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events. If this is the case, high utility elements should be more common in ritual contexts where
they were distributed or consumed, while low utility elements should be more common in the
domestic contexts where they were processed (Potter 1997). Instead it appears that the
percentage of high-marrow elements from kiva contexts is slightly lower than in rooms. Again,
this pattern could be the result of the presence of ceremonial rooms at Sapa’owingeh and the use
of more desireable elements for religious or social activities in these rooms.
Otherwise, the degree of fragmentation for both low-marrow and high-marrow elements
is similar across contexts (Figure 5.12). This suggests that elements were not processed
differently in public and private spaces. High-marrow elements from room contexts were slightly
more processed based on the percentage of fragments less than one-quarter complete (49% in
rooms versus 34% in kivas), but overall, the two contexts are similar. Clark (1998) found the
opposite pattern at Rattlesnake Point Pueblo, a Pueblo IV village in east-central Arizona.
Specimens from habitation and kiva contexts were higher than expected at this site. This led
Clark to conclude that intensive processing for marrow and grease was not important at the time
of final depopulation of the village. At Sapa’owingeh, the opposite seems to be the case given
that intensive processing increased over time and was highest during the late period when
population and possibly food security was in decline as detailed further below.

Food Security Indices
The faunal measures utilized above provide information about food availability and
access at Sapa’owingeh throughout the long occupation of the site, but the mere availability of
food does not guarantee food security. As presented in Chapter 2, food security occurs when
food is both available and accessible for households to meet their dietary and cultural needs
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Figure 5.12. Stacked bar charts showing the proportions of the artiodacyl assemblaged assigned
to each of the five completeness categories (L, Q, H, T, and C). Chart A presents the results for
the high-marrow elements, and chart B for the low-marrow elements. The data from kiva and
room contexts are segregated from left to right in each chart. Fragmentation of all elements is
similar across contexts.

(FAO 2019:186). Availability measures whether food is actually or potentially present for a
community, whereas access determines if a household can obtain available resources. People are
food insecure when they lack access to the safe and nutritious foods that they prefer (FAO 2001).
Food security also is best understood as existing on a spectrum. Moderate food insecurity is
when households are uncertain about their ability to obtain food and must eat less food or foods
that may be nutritionally or culturally unsuitable. Severe food insecurity is when a household has
no food or has gone one day or more without eating (FAO 2019:5). Two other aspects of food
security – food use and food preference – also can create variation in adequate access to food.
The zooarchaeological indices measure these dimensions of food security in order to
place faunal assemblages somewhere along this spectrum. As discussed in Chapter 4 food
availability is established by the Artiodactyl, Lagomorph, and Carnivore Indices and access by
the percent of high-marrow yielding elements (Driver 2002; Potter 1995; Szuter and Bayham
1989). Preference, or degree of utilization, which evaluates whether and how households are
maximizing their resources, also informs our understanding of variation in food use (and thus
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access to food) at Sapa’owingeh. This is measured by the extent of fragmentation through the
percentage of specimens less than one-quarter in size in high-marrow and low-marrow yielding
elements, the percentage of burned Artiodactyl specimens, and the Turkey Index (Badenhorst
and Driver 2009; Potter 1995). The ability to decide what foods are consumed is more difficult to
measure archaeologically but is addressed to some extent by these measures and by potential
famine food or so called “taboo” species that are lacking. All of the measures are presented in a
single dotplot graph for each analysis (temporal and spatial) showing where they fall as an index
or as a percentage of the total assemblage.
For the present study, I altered the measures presented in Chapter 4 to exclude the percent
of traded food animals. This pertains specifically to bison, which was a food animal but was
likely traded into the Pueblo or it was obtained through long-distance hunting. The percentage of
bison is very low (0.21%) for the total assemblage and the taxa is represented only by two
specimens. This is not enough to compare patterns across space and time and would heavily
influence my interpretation of food security if it were included.
FSI Over Time
Measures. Table 5.7 summarizes the different zooarchaeological indices by period and
food security pillar. The bolded and underlined calculated measures reflect notable shifts in the
indices from previous periods. These indices are presented visually as dotplot matricies in Figure
5.13. Table 5.7 shows that availability and access measures are variable through time. AI is very
low during the early period, peaks at moderate levels in the middle period, and decreases again
during the late period. This indicates that large game availability was highest during the peak
occupation at Sapa’owingeh. CI is very low and at its highest during the late period, possibly due
to the caching of ritual paraphernalia during or just prior to depopulation as already mentioned.
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LI is high during the early period, decreases slightly during the middle period, and is very high
again in the late period. This reveals that jackrabbit use was at its highest during the middle
period and that cottontail was prevalent during the early and late periods. The percentage of
high-yielding elements (%HYE) remains moderate and relatively stable through time. Preference
and use measures are also variable. The percent fragmentation of high marrow elements
(%FHME) is moderate during the early period but decreases gradually through time. The percent
fragmentation of low marrow elements (%FLME) is low and increases gradually through time.
%B is also low and decreases gradually. Together, these three indices indicate low processing for
marrow and grease. The TI is moderately high during the early and middle period, but decreases
sharply during the late period, indicating a decrease in turkey husbandry.

Availability/Access
Period AI CI LI %HYE
Early 0.26 0.05 0.84 0.45
Middle 0.53 0.09 0.65 0.45
Late 0.31 0.24 0.92 0.56

Preference/Use
%FHME %FLME %B
0.51
0.12
0.15
0.06
0.38
0.20
0.31
0.22
0.03

TI
0.62
0.70
0.27

Table 5.7. Zooarchaeologcal indices by time period and food security pillar. Bolded and
underlined measures reflect notable changes. Availability and access measures are variable
through time. AI peaks in the middle period, indicating large game use was highest during this
time, and decreases during the late period. CI is highest during the late period, possibly due to
caching. LI decreases in the middle period but peaks during the late period, indicating that
jackrabbit use is highest during the middle period. %HYE remains relatively stable. Preference
and use measures are also variable. %FHME gradually decreases through time while %FLME
gradually increases through time. %B also decreases through time. Together these measures
indicate low processing for marrow and grease. The TI decreases sharply in the late period,
indicating a decrease in turkey husbandry.
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Figure 5.13. Dot plot matrices of food security indices by time period.
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Summary. Overall, the food security indices indicate that residents experienced low to
moderate food insecurity during the early period. The availability of or access to deer and other
large game was limited. However, cottontail and turkey seem to have been plentiful given that
processing intensity was moderate. Grease production and marrow extraction were common
practices, but they were not relied upon for crucial calories. During the middle period,
Sapa’owingeh residents experienced greater, perhaps moderate, food security. Large game and
jackrabbit are more prevalent in the assemblage, turkey husbandry appears to be at its highest,
and the processing intensity of large game is low. Previous studies have shown that increases in
large game hunting may be linked to an increase in community size (Speth and Scott 1989). The
Sapa’owingeh assemblage appears to fit these expectations given that population does peak
during this period (Duwe 2013). The measures indicate that food insecurity was at its highest
during the late occupation of Sapa’owingeh. Large game and turkey use decrease and cottontail
use increases. This suggests that turkey husbandry and long-distance hunting were no longer
possible as the village population declined. Residents likely depleted the large game of the local
environment even though processing intensity did not change.
Examining these indices through time reveal that food security was at its highest when
population peaked and lowest when Sapa’owingeh was depopulated. While the overall patterns
(Figure 5.13) do show shifts in food security, the majority of the measures only fluctuate slightly
except for two crucial measures, the AI and TI. Large game and turkey are known to be
necessary to support large populations and ritual elaboration during the Pueblo IV Period (Dean
2001; Speth and Scott 1989). This pattern of high use is seen at other sites in the northern Rio
Grande as well, such as Arroyo Hondo (Lang and Harris 1984:107) and Picuris Pueblo (Harris
1999:128). The decline in these indices during the late occupation period at Sapa’owingeh
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suggests that ceremonialism declined as well as the population left the village. It also suggests
that large game and turkey were crucial to community cohesion.
Discussion. This patterning in resource availability, access, and use at Sapa’owingeh can
be compared to two other Pueblo IV sites, Gran Quivira (LA120) and Pueblo Colorado (LA476)
in the Central Rio Grande. Potter (1995) analyzed the faunal remains from these two sites while
studying the use of large game among agricultural communities. Both sites were established
during the early 14th century. Gran Quivira was occupied through the 1670s and Pueblo Colorado
through the mid-1500s. Pueblo Colorado has a very similar occupational history to
Sapa’owingeh. Potter’s chronological periods also are comparable to those used for
Sapa’owingeh. These include an early period (1300-1450), middle period (1450-1525), and late
period (1525-1570). Gran Quivira’s late period extends somewhat later from 1525 to 1650. The
dates from Pueblo Colorado and Gran Quivira also are based on ceramic identifications.
Utilizing Potter’s (1995) raw counts, I calculated the AI (Figure 5.14A) and LI (Figure
5.14B) for Gran Quivira and Pueblo Colorado. These figures show that the AI trend at
Sapa’owingeh is the opposite of what is observed at Gran Quivira and Pueblo Colorado (Potter
1995). The Sapa’owingeh AI starts low, peaks during the middle period of occupation (when
population was highest) and decreases during the late phase. The Gran Quivira and Pueblo
Colorado assemblages do not peak, but instead show a steady decrease from the early to late
periods. This suggests a pattern of gradual game depletion and moderate to high food insecurity
that only increases with time (Lang and Harris 1984:47; Potter 1995; Szuter and Bayham 1989).
The LI (Figure 5.14B) shows similar contrasts. The LI at Sapa’owingeh is highest during the
early and late periods and lowest during the middle period. The opposite pattern is evident at the
central Rio Grande pueblos.
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Figure 5.14. Artiodactyl Index (A) and Lagomorph Index (B) through time for Sapa’owingeh,
Gran Quivira, and Pueblo Colorado. Sapa’owingeh shows opposite trends to Pueblo Colorado
and Gran Quivira.

Processing intensity at Pueblo Colorado also increased through time but it stayed
relatively stable at Gran Quivira (Potter 1995). Potter concludes that this is likely due to the
higher presence of traded bison at Gran Quivira. Sapa’owingeh, like Pueblo Colorado, has very
few bison remains and shows an increase in processing intensity of low-marrow Artiodactyl
remains, although not as drastically as at Pueblo Colorado. This may be due to high levels of
turkey husbandry at Sapa’owingeh which would have bolstered food security in the absence of
bison trade.
FSI by Context
The shifts in the AI and TI over time are particularly interesting and may be explained, in
part, by the zooarchaeological measures across contexts. As already mentioned, this portion of
the analysis encompasses the entire occupation period of Sapa’owingeh because there are not
enough kiva contexts to compare measures between kivas and rooms dating to different periods.
Measures. Table 5.8 summarizes the zooarchaeological indices by context and food
security pillars and Figure 5.15 is a visual representation of these calculations. In Table 5.8 the
bolded and underlined measures reflect notable differences in the measures between the contexts.
Availability and access are slightly higher in rooms than in kivas. The AI is clearly higher in
kivas. This indicates that large game use was restricted to community events associated with
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ritual and group contexts. CI is low, LI is low/moderate, and %HYE is moderate. Preference and
use measures are very similar between kivas and rooms, indicating that residents used resources
similarly between ritual and domestic contexts, but processing intensity is slightly higher in room
contexts. %FHME is low/moderate, %FLME and %B are low, and TI is moderate/high.

Context
Kiva
Room

Availability/Access
Preference/Use
AI CI LI %HYE %FHME %FLME %B TI
0.80 0.01 0.34 0.43
0.34
0.17
0.06 0.69
0.30 0.07 0.45 0.57
0.49
0.21
0.08 0.67

Table 5.8 Zooarchaeological indices by context and food security pillar. Bolded and underlined
measures reflect notable differences. Availability and access are, overall, slightly higher in room
contexts than in kivas, but the AI is discernably higher in kivas. This indicates that large game
use was restricted to community events associated with these contexts. Preference and use
measures are very similar between the contexts, indicating that residents used resources similarly
between domestic and ritual contexts.

Figure 5.15. Dot plot matrices of food security indices by context.
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Summary. Examining food security across architectural types reveals what temporal
patterning cannot. Large game was accessible mostly through ceremonial events. When large
game specimens were recovered in domestic contexts, they were processed more intensively. It
is likely that deer, pronghorn, and elk were processed in domestic contexts, but the best portions
were consumed in communal contexts. Potter (1997) found a similar pattern at McPhee Village,
a Pueblo I community in Colorado. Higher numbers of artiodactyl remains and lower limb
elements were primarily found in pit-structures (interpreted as communal facilities) instead of
above ground room blocks at this site. He further argues that the elements found in the pit
structures were used for producing bone tools and ritual paraphernalia.
Large game was more intensively processed in domestic contexts than in kivas, but these
differences were not drastic. This is due, in part, to high TI values throughout most of the
occupation and across contexts. Turkey was a vital resource to compensate for large game
inaccessibility. The lower LI in kiva contexts suggests that jackrabbit was preferred for feasting
or other ceremonial events. These specimens may reflect communal rabbit drives intended to
provision feasting events, as suggested by Potter (1997) for McPhee Village. These drives are
known to occur historically among the Hopi especially for providing food for community events
(Beaglehole 1936:12). Sapa’owingeh residents had access to higher-quality resources when
participating in feasts, but domestic contexts show that, on average, food security was moderate
to high within households until it decreased during the late occupation period. These villagewide events were likely a key factor in social cohesion and may also reflect the ritual cycle seen
in ethnographic and modern Tewa society.
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Summary
The size of the Sapa’owingeh faunal assemblage makes it possible to examine animal use
and management during the Classic Period in the northern Rio Grande. However, the assemblage
is not without problems, the most pressing of which is the problematic taxonomic representation
due to the general lack of screening. Nonetheless, with total transparency and removing
troublesome contexts, it is still feasible to apply standard zooarchaeological methods and to draw
conclusions regarding food security and human experience during Tewa coalescence.
This chapter presented the results of the zooarchaeological data analysis designed to
identify elements of food security and animal management practices through space and time for
the residents of Sapa’owingeh. The extensive evidence for community-wide turkey husbandry
and the results of the analysis show that turkey was a crucial resource, even from the initial
period of occupation. Residents invested their time, resources, and infrastructure into raising a
substantial turkey population to increase their food availability and access. This reliance on
turkey likely ensured some measure of food security for the initial residents of Sapa’owingeh
that continued throughout the occupation, making village life possible. During the middle period
when large game use and access became more associated with community events, turkey use
likewise peaked. Incidentally, food security was also highest during this time, suggesting that
Tewa institutions were in play to ensure the redistribution of food and therefore adequate access
and availability of food for the population. When compared to other Pueblo IV sites,
Sapa’owingeh stands out in regard to resource availability of large game and turkey as
population peaks. Past experiences and social memory of previous food insecurity may have
played a role in residents planning to ensure food from initial settlement (Ortman 2016a).
Finally, the food security indices revealed that food security was lowest during the late period
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when the site was depopulated. The lack of social cohesion is apparent through the decrease in
turkey husbandry practices and communal feasting as measured by the Artiodactyl Index,
suggesting a decline in Tewa practices as the population dwindled. These results will be further
discussed considering momentary population estimates and reconstructed precipitation in
Chapter 7.
The archaeological evidence of Tewa practices related to Sapa’owingeh food security,
such as the hunting rules and religious institutions discussed in Chapter 3 on Tewa ethnography,
will be discussed in the following chapter. I will address the non-food use of animals apparent in
the faunal assemblage, how residents employed animals and their products to bolster community
security during coalescence, and how animal management practices in the past relate to modern
Tewa TEK.
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CHAPTER 6
ZOOARCHAEOLOGY OF TEWA INSTITUTIONS

“Tewa ritual events as complete experiences exemplify new life because they are seen by
the Tewa people as mechanisms for revitalizing the community and bringing it together
again. If, in a world of changing values, individuals begin to lose sight of their roles as
Tewa… then sharing in a traditional village event or even a theatrical performance can
renew feelings of identity,” (Sweet 2004:12)

Introduction
How people think about animals, or the characteristics they ascribe to them, is the crucial
determination of animal use in broader studies of the human experience and Traditional
Ecological Knowledge (TEK). As seen through extensive ethnographic studies (Chapter 3),
animals play a far greater role in Tewa culture than simply being sources of food. For example,
bears are powerful beings and curing animals that are hunted only with permission. Their meat is
distributed within familial ties of the hunter and selected products are reserved for hunters and
medicine men (Hill and Lange 1982:45). Turkey is an essential food resource, especially during
the Pueblo IV Period, but is also crucial to many ceremonial practices (Henderson and
Harrington 1814; Hill and Lange 1982; Tyler 1991). These practices are not only determined by
the meanings associated with animals in the surrounding environment, but also by Tewa
institutions, such as the Hunt Society, ceremonial dances, and curing.
This chapter examines the same data analyzed in Chapter 5 for the presence of Tewa
institutions, animal management practices, and hunting rules as they are understood through
180

ethnographic research and Tewa writings. The goal of this analysis is to examine if this
management was present at the village during the Classic Period and if these institutions
correspond with changes in food security. This will be accomplished by looking for the
archaeological correlates presented in Chapter 3, particularly the patterning associated with Tewa
hunting rules and ritual practices. The remains of all species are scrutinized for evidence of
distribution and disposal rules. Animal interments and artifact caches and modified elements for
tool production, curing implements, and musical instruments are investigated in comparison to
known Tewa ritual practices. If there is evidence of these Tewa institutions in the Sapa’owingeh
faunal assemblage, they may have emerged or been employed to promote community cohesion
and food security for Sapa’owingeh residents.
Ultimately, this analysis reveals that Tewa institutions and practices were present at
Sapa’owingeh. Rules guiding animal use and hunting were variable but were important from the
founding of the village. Ritual animals, especially birds and carnivores, were tightly controlled
based on patterning in animal use and distribution. The assemblage also supports the presence of
Pueblo IV ritual elaboration at Sapa’owingeh.

Tewa Hunting Rules
Tewa political and ceremonial institutions centered around five community concerns.
These are weather, illness, warfare, control of wild game and plants, and community cohesion
(Dozier 1970:133). The Tewa were practical in their approach to managing these issues because
the actions of both human beings and metaphysical forces in the world affect the prosperity of
the village. The importance and authority of the Hunt Chief and Hunting Society are further
testament to the centrality of animal management and TEK in Tewa ritual practices (Dozier
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1970:195; Ortiz 1969:112). These practices focused more on war and hunting than those found
among western Pueblo groups, possibly due to Tewa proximity to the Plains and the varied game
resources within their territory (Dozier 1970:171).
As detailed in Chapter 3, Tewa hunting rules had stipulations for food and non-food
animals that often overlap. Hunters were required to return unused portions of captured animals
to the rock circle hunting shrines located in the hills (Duwe 2020:177) or to nearby earth navels
to ensure rebirth and future hunting success (Hill and Lange 1982:48; Ortiz 1969:112). Yet the
same remains could be repurposed into tools or ritual items (Ortiz 1969). For food animals, the
Tewa imposed restrictions on who could eat certain portions of a kill and how meat was
distributed (Hill and Lange 1982:52-53). Communal hunts where these and other rules often
played out were organized for various purposes and they targeted specific game. For example,
jackrabbit hunts were crucial for kachina performances to foster community and to provision
dancers (Hill and Lange 1982:52) and migratory birds such as geese, sandhill cranes, and ducks
were hunted for winter moiety initiations (Ortiz 1969:112-113). Communal provisioning hunts
also were organized for cottontails and large game (Dozier 1970:129). Tewa rules conditioned
the use of non-food animals as well. These rules and restrictions should affect the compositions
and spatial distributions of animals in the archaeological record. The corresponding
archaeological correlates were reviewed in Chapter 3 and are presented here again in Table 6.1.
To prevent repetition, rules that are similar or that overlap regarding expected patterns in
archaeological correlates are grouped and discussed together. When possible, I examined these
correlates for each taxonomic group independent of the others. Moreover, while some of the
ethnographic details mention specific species, most of the Tewa hunting rules pertain to groups
of animals. Patterns therefore are examined at the applicable taxonomic level. Some overlap
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Tewa Hunt Society Regulations
Do not eat carnivores but capture them for ritual
purposes

Tightly control ritually important animals

Return unused portions to hunting shrines

Expected Archaeological Correlates
No evidence of cooking/butchery on secondary
consumers
Secondary consumers will be recovered in special
contexts (caches and kivas) or will be present as ritual
paraphernalia
Only utilized for tools or ritual purposes; Consumed
under tightly controlled circumstances
Recovered from ritual contexts
Body part representation will be skewed toward high
meat-yield elements
Unexpected elements will be modified as tools or
ritual paraphernalia
Unexpected elements will be recovered in special
contexts (caches and kivas) that have ritual
importance

References
Henderson and Harrington
1914; Hill and Lange
1982; Parsons 1939

Ortiz 1969; Parsons 1969;
Tyler 1991
Ford 1968; Ortiz 1969

Table 6.1. Tewa hunting rules and the archaeological correlates derived from them.

cannot be avoided, especially when discussing the large flute, whistle, and tube assemblage at
the site. While most of these artifacts are made from avian elements, a limited few are from
mammals whose use was governed by different Tewa rules. They are also made from several
categories of birds that fulfill a variety of needs within Tewa practices. These artifacts are
included in the analysis below in order to better examine general trends in the animal use
patterns, but I also address them separately at the end of the chapter because of the special roles
that musical instruments played in the coordination of social events. In the sections that follow, I
start with a discussion of secondary consumers and ritual animals, followed by descriptions of
body part representation and modifications for food animals. I end this section with a contextual
analysis of ritual animal and paraphernalia distributions that reveals how these animals were
curated, cached, or interred.
Consumption and Use of Secondary Consumers and Ritual Animals
Tewa TEK, world views, hunting rules, and food taboos dictated which animals were
appropriate for consumption and which were too sacred to eat. In general, ethnographies show
that the Tewa did not eat secondary consumers but did capture them for ritual purposes or to
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fulfill certain material needs (Henderson and Harrington 1914; Hill and Lange 1982; Parsons
1939). If this rule was present during the occupation of Sapa’owingeh, it is expected that the
archaeological record will contain no evidence of cooking or butchery on the remains of
secondary consumers and that these same species will be recovered only in special contexts or
will be modified as ritual paraphernalia. Similarly, ritually important animals were not eaten
except in special circumstances (Ortiz 1969; Parsons 1969; Tyler 1991). It is therefore expected
that if there is evidence for secondary consumer consumption, this should be very rare and
similarly limited to kiva or ritual room contexts.
Mammalian Secondary Consumers. A total of 660 mammalian carnivore and omnivore
specimens are present in the Sapa’owingeh assemblage. Most are identifiable to the genus and
species level (Table 6.2). This includes unidentified carnivores of small, medium, and large size,
dog, coyote, wolf, red fox (Vulpes vulpes), American black bear, brown bear, American marten
(Martes americana), ermine (Mustela erminea), long-tailed weasel (Mustela frenata), American
badger, wolverine (Gulo gulo), and bobcat.

Genus
Canis
Vulpes
Ursus
Gulo
Martes
Mustela
Taxidea
Lynx
Total

NISP
314
19
24
3
10
13
263
7
653

Table 6.2. Summary of identified mammalian secondary consumers identifiable to genus (See
Appendix F for a more detailed list of taxa by species).
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These specimens do not cluster temporally, as seen from the Carnivore Index (CI)
calculated in Chapter 5 (see Figure 5.7), even when the known American badger interment in
EW2 and a young canid interment from DX11 are excluded from the analysis. The CI indicates
that these animals were present throughout occupation in low numbers. The carnivores do cluster
spatially, with most of them coming from the eastern portion of the village, primarily Plazas A
and D, where most of the kivas are also located. This suggests that we should find carnivores in
special contexts, which I will discuss further below and in the concluding section.
As expected, little to no evidence of butchery is visible on the specimens of this group.
Only 2.2% (n=16) of the 660 specimens have cut marks, but, based on the location and
orientation of the cuts, these are related to incidental skinning and the breakdown of the carcass
for the purpose of making tools (Table 6.3). Additionally, only 1.8% (n=12) show evidence of
fresh fractures and most are Canid specimens with no other modifications. These specimens are
not highly fragmented and show no other evidence of intensive processing for consumption.
These findings, therefore, are consistent with the Tewa rule that secondary consumers were not
an appropriate food source. Even though it is possible that consumed animals may have been
removed from the village and placed at special shrines, I nonetheless would expect to find at
least some evidence for consumption given the large size of the Sapa’owingeh assemblage.
Instead, evidence shows that they were utilized for material and other needs.
Secondary consumer utilization can be further examined by taxonomic category. This
makes it possible to compare the archaeological data with ethnographic details on how different
animals were used. To begin with, canids such as wolf, fox, and coyote, are described in
ethnographies as non-food animals and were not hunted (Hill and Lange 1982:40, 52). Wolf,
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Plaza
A

Unit
A35
AS3
AS4

C

D

F

AS7
CS4

DE03
DE11

DE25
Kiva 12
FE2

Taxon
Canis lupus
Canis lupus
Ursus sp.
Canis sp.
Canis sp.
Canis sp.
Canis lupus
Canis lupus
Canis lupus
Ursus americanus
Ursus americanus
Ursus sp.
Vulpes vulpes
Canis latrans
Canis familiaris
Canis sp.

Element
calcaneus
metacarpal4
metacarpal4
cervical vertebra
cervical vertebra
radius
phalanx
metacarpal2
phalanx
radius
humerus

#Cut marks Location
4 body
2 distal condyle and shaft
11 shaft
2 left transverse process
3 left transverse process
1 semilunar notch
6 proximal articulation
7 shaft
7 shaft
3 olecranon
23 lateral distal shaft
6 medial distal shaft
femur
17 neck
mandible
20 body
premaxilla/maxilla
13 maxilla
cranium (incomplete)
1 left occipital condyle
metacarpal4
7 shaft

Characteristic
transverse and parallel
transverse and parallel
transverse and parallel
transverse and parallel
transverse and parallel
transverse
transverse and parallel
transverse and parallel
transverse and parallel
transverse and parallel
transverse and parallel
transverse and parallel
angled and parallel
transverse and parallel
coronal and parallel
angled and parallel
transverse and not parallel

Table 6.3. Mammalian carnivore specimens with cut marks and their locations and orientations.

coyote, and dog are frequent in the secondary consumer assemblage. When the juvenile
American badger is accounted for, as discussed in Chapter 5, Canis spp. specimens make up
nearly three-quarters (n=314) of the mammalian secondary consumers at Sapa’owingeh. This
includes the juvenile dog interment from the floor of DX11. It also appears that canids were
rarely used to produce bone tools. The only example of this at Sapa’owingeh comes from a
single awl made from a coyote ulna found in the floor fill of Kiva 8 in Plaza A. This implies that
if carnivore elements were crafted into tools, they functioned as ritual paraphernalia. Some
support for this interpretation comes from Parson’s Tewa Tales (1926), which discusses the
magical powers and exploits of Awl Boy, who used an awl to hunt deer.
The rest of the canid assemblage is dominated by musical instruments and personal
adornments. This includes a whistle that was constructed from a canid femur (possibly a red fox)
and numerous bone tube beads made from upper and lower limb bones. Three bone tubes were
constructed from wolf humeri. One was found on the floor of room DW2 and the others were
recovered from a large cache of ritual items in room DW8 that also included flutes and whistles;
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awls and other modified bone; quartz, calcite, gypsum, and mica crystals; worked malachite and
azurite; and whole or reconstructible pots (Friedland and Romero 1968). A similar but larger
cache from room DW9 contained four tubes from coyote femora, a Canis sp. femur, and a Canid
tibia. A tube made from a large Canis sp. humerus also was found in room CN13. However, the
most common modification to the Canid specimens was grinding, staining, and scraping on
articulated paw elements. Thirteen sets of these modified Canid paws were recovered in all,
including a mix of carpals/tarsals, metacarpals/metatarsals, and phalanges. The possible purposes
of these items are discussed further below with identically modified specimens from other
species.
Bear is rare in the Sapa’owingeh assemblage by comparison to the canids but is
frequently mentioned in Tewa curing and warfare narratives (Parsons 1926). Both the American
black bear and the brown bear are present in the Sapa’owingeh assemblage. Eight of the 18
specimens were modified into beamer-like tools made from three radii and five ulnae (Figure
6.1). These specimens represent one juvenile and two adult black bears and one adult brown
bear. An additional unknown tool, possibly a beamer, was made from an adult black bear ulna.
All six items exhibit extensive use wear polish, possibly from processing hides.
These items date to early and middle period contexts. Other ritual uses of bear at
Sapa’owingeh are less certain, although a completely burned adult black bear cranium from the
fill of room AS19 (an undated room), suggests that this animal had special importance. At
Cochiti for example, medicine men offered bear skulls at shrines (Lange 1959:136). Three
terminal phalanges (claws), one from Kiva DE4, also were identified but exhibit no evidence of
drilling for claw bracelets or charms. No articulated paws were recovered during excavation.
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Figure 6.1. Beamer or rasper made from an American black bear right ulna. Note the use wear
and high polish (Maxwell 93.124.1).

Only seven bobcat specimens were present in the Sapa’owingeh assemblage. One is a
femur tube located in the room DW9 cache previously mentioned. Four are articulated
metatarsals from room CS4 that display grinding and longitudinal striations on the dorsal
surface. A similarly modified third metatarsal was found in room DE11, a late period cache.
The carnivorous mammals also include several different mustelids. American badger
appears to be the only other “common” mammal in the assemblage. This number is greatly
inflated by the articulated juvenile already mentioned. Otherwise, badger is a rare occurrence in
the assemblage and little evidence for modification or use of badger bones for tools exists. The
articulated juvenile from room EW2 could have been purposefully interred based on some
burned elements, but without the field notes, no solid interpretations can be made. One modified
metacarpal representing a right forepaw was found in room A35, and a whole unmodified right
badger paw was found on the floor of room BE1. This item was found near several whistles
(Gilbert 1964), but again, without the notes these associations are unclear. Other mustelids
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include 23 weasel specimens primarily from the American marten and long-tailed weasel, but
also the ermine, or stoat. The Sapa’owingeh specimens bear no evidence of modification or use.
Unexpectedly, three articulated wolverine metatarsals were identified from the fill of
room AS3, dating to the early period. This animal is not historically or presently native to the
region in which Sapa’owingeh is located and may have been traded in from the Southern Rocky
Mountains of Colorado where the range of the wolverine once reached (USFW 2019). This area
would have been the closest extent of the wolverine’s historic natural range. In addition to trade,
it also is possible that Sapa’owingeh hunters could have brought it back from a long-distance
hunting trip or that society members visited this area during a pilgrimage (Duwe 2020:218).
These three specimens exhibit the same modification as seen on the canid metacarpals and
metatarsals that are discussed further below.
The remaining four carnivore specimens that cannot be identified to at least genus level
include an awl from the ulna of a large carnivore in room DE06 and a pendant from the incisor
of a small/medium carnivore in room DW9. Besides the specimens that provenience to the
caches in rooms DW8 and DW9 already discussed, very few of the secondary consumers are
from explicitly ritual contexts, although twenty were recovered from kivas. These include the
presumed black bear radius beamer from Kiva 12, the coyote ulna awl from Kiva 8, and other
unmodified canid, bear, and badger specimens in Kivas 1, 3, 11, 12, and DE4. These contextual
associations will be discussed further in subsequent sections of this chapter.
Hunting Birds. Like the mammalian carnivores, birds that are secondary consumers were
subjected to the same animal management rules. Classified as hunting birds or meat-eating birds
by the Tewa (Henderson and Harrington 1914; Tyler 1991), these species as a group are present
in similar numbers as the mammals discussed above (Table 6.4). Buteoine hawks make up an
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overwhelming percentage of the assemblage and are identified as Buteo sp., red-tailed hawk,
rough-legged hawk, ferruginous hawk, and Swainson’s hawk. Other species include the northern
goshawk, Cooper’s hawk, golden eagle, hen harrier, bald eagle, turkey vulture, great horned owl,
burrowing owl, and American kestrel.

Genus
NISP
Accipiter
4
Aquila
39
Buteo
535
Circus
1
Haliaeetus
3
Cathartes
1
Athene
1
Bubo
3
Falco
11
n/a
2
Total
600

Table 6.4. Summary of avian secondary consumers by genus.

Based on Tewa views of owls (see Chapter 3), it comes as no surprise that only five
specimens were identified to owl in the Sapa’owingeh assemblage. One is a Strigiformes
tibiotarsus proximal end that bears evidence of removal from the shaft with a score and snap
method, indicating that the tibiotarsus may have been made into a bone tube or similar object.
The remaining four elements, a burrowing owl ulna and a great horned owl femur, humerus, and
carpometacarpus, are all fractured. The great horned owl humerus bears an excessive number of
cut marks (50+) on the distal end above a fresh fracture. Perhaps the articular ends were meant to
be removed with the score and snap method like the tibiotarsus, but the humerus broke,
rendering it unusable.
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Raptors make up 64% (n=595) of the total wild bird assemblage and 4% of the entire
Sapa’owingeh faunal assemblage. Nearly all these specimens (n=541) are from the Accipitridae
family, including the Cooper’s hawk, northern goshawk, red-tailed hawk, rough-legged hawk,
ferruginous hawk, Swainson’s hawk, and hen harrier. Less identifiable specimens include a large
Accipitridae, Accipiter sp., and Buteo sp. Falconids are rare. Only eleven specimens from Falco
sp. are present in the Sapa’owingeh assemblage and none are modified. One American kestrel
ulna exhibits a fresh break.
The high number of raptors is due, in part, to several interred birds. A red-tailed hawk
was interred in room BE1 six to eight inches above the floor in an early period context. This
specimen was incorrectly identified as a turkey during the original excavations (Gilbert 1964)
and was found with several whistles throughout the fill. Another early context red-tailed hawk
was found in room CW4, and a cranium from the same species was found in room DX11 (Hatch
1966). The latter was still in the flesh when interred based on the presence of both sclerotic rings
from the eyes. Two Buteo sp. claws and lower limbs were found in an early period cache in room
DW8. A possible interred red-tailed hawk was also found in room AE5 in a middle period
context, and two likely red-tailed hawks were interred in the late period room A35. The sheer
quantity of raptors and raptor burials at Sapa’owingeh attest to the central importance of these
birds to Tewa ritual life.
Interestingly, most of these specimens (n=510) are unmodified. Only nine Buteo sp.
specimens exhibit fresh fractures but were not intensively processed. This indicates that the
Tewa may have kept but did not eat large birds of prey. The rest of the modified assemblage
(n=31) are dominated by flutes and whistles. The remaining five (possibly six) Buteo sp. bone
tubes and 22 whistles demonstrate beyond a doubt that raptors were not just kept for their
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feathers. They also played important roles in the production and execution of public ceremonies.
Although it is difficult to identify the whistles beyond the genus level because the proximal and
distal ends are typically removed in production, seventeen were identified to Buteo sp.; one
possible ferruginous hawk, three red-tailed hawks, and one hen harrier. The remaining modified
tools include a singular awl from a Buteo sp. ulna from room CW4, and two additional
unidentifiable tools also classified as Buteo sp. Additionally, five tarsometatarsi and associated
phalanges from rooms A35 and CS4 and one Buteo sp. from room DW8 show the longitudinal
striations and grinding on the dorsal surface seen in many of the mammal metacarpal and
metatarsal specimens.
Other large birds of prey include the turkey vulture and eagle. The singular turkey vulture
specimen was a whistle from room DW8, although with only one specimen it is difficult to
determine any of the other ways that Sapa’owingeh residents may have utilized these animals.
Eagles, comparatively, are more common, although still rare, in the Sapa’owingeh assemblage
overall. Bald eagle was identified in only two of the flutes and one whistle (n=3). The Tewa’s
relationship with the golden eagle is nonetheless evident in the assemblage. Thirty-nine
specimens were identified with two possible interments: a skull on the floor of room DW1 (early
period) and a claw and lower leg element in room FN13W (early-middle periods). This element
was possibly cached with a whistle. Only three of the Aquila sp. specimens exhibit fresh
fractures, and four tarsometatarsi, representing three different individuals, bear the same grinding
and longitudinal striations already discussed on numerous species. These four elements were
found in rooms DE34/33, DE11, and D4, all of which are middle to late contexts.
Other ritual animals. Not all ritual animals in the Sapa’owingeh assemblage were
mammalian or avian. Excavations produced a total of nine Testudines specimens, five of which
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are identifiable to painted turtle, and all are carapace or plastron pieces. Most (n=6) are worked
with drilled holes (Figure 6.2) and are reminiscent of the dance rattles discussed in Chapter 3
(Roediger 1941:145-146). The general absence of other non-plastron or carapace elements in the
assemblage suggests that painted turtles were not locally available to Sapa’owingeh residents.
Instead, unfinished turtle shell or finished dance rattles were most likely traded north into the
village from the Rio Grande source. Lang and Harris (1984:115) draw the same conclusions
from similar specimens at Arroyo Hondo.

Figure 6.2. Turtle carapace with drilled holes (Specimen 22871c).

193

Modified extremities. As alluded to above for most of the secondary consumers
(carnivores and hunting birds), are the numerous sets of extremities that were modified for
unknown purposes (Table 6.5). For mammals these consist of metacarpals or metatarsals (Figure
6.3), some with carpals, tarsals, and/or phalanges as well (Figure 6.4). For birds these are
tarsometatarsi (Figure 6.5) with some phalanges (Figure 6.4). These specimens bear evidence of
material removal along the dorsal surface of each bone, detectable as longitudinal striations and
grinding (Figure 6.6, 6.7, 6.9), which sometimes breaches the medullary cavity (Figure 6.3, 6.4,
6.6). The shape and depth of these striations suggests they were purposefully made with rough
stones. Many of these specimens also exhibit staining, suggesting that the paws or bird talons
were buried while still articulated and unskinned (Figure 6.9). Based on the temporal ranges for
the contexts from which they were recovered, these artifacts were present throughout the
occupation of Sapa’owingeh, clustering in the early and middle periods. Bear is notably absent.
The use of these items prior to their deposition is indeterminate, but it is likely that
similarly modified elements have been found at other northern Rio Grande sites. Jeançon (1923)
described from his excavation of Poshu’owingeh mammal metacarpals and metatarsals and bird
tarsometatarsi “…of very curious character and give no index as to their use…” and some
“…show a great deal of polishing and scraping” (Jeançon 1923:30, Plate 32). He misidentifies
the avian tarsometatarsi as drawshaves, not recognizing that the hawk and eagle specimens he
pictures in Plate 32 naturally have sharp ridges along the shafts.
The modified extremities from Sapa’owingeh may have been from the production of
similar ritual paraphernalia known in the ethnographic period and described in Chapter 3. Bear
paw gauntlets at Santa Clara have the claws still attached and extend to almost the elbow when
worn (Hill and Lange 1982:329). The metacarpals in the gauntlets would have provided rigidity
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Unit
A35

Temporal range Taxon
Element
MI-LC
Buteo jamaicensis left foot
right foot
Canis lupus
left forepaw
left hind paw
right hind paw
Canis sp.
left forepaw
left forepaw
right forepaw
Taxidea taxus
right forepaw
AS3
EC-MI
Gulo gulo
right hind paw
CS4
EC-MI
Canis lupus
left forepaw
Buteo jamaicensis left foot
right foot
Canis latrans
right forepaw
Canis lupus
left forepaw
Lynx rufus
right hind paw
Vulpes vulpes?
right forepaw
D4
MI-MII
Aquila chrysaetos left foot
DE11
MI-LC
Aquila chrysaetos right foot
Lynx rufus?
left hind paw
DE34/DE3MI-MII
Aquila chrysaetos right foot
right foot
DW8
EC-MI
Buteo sp.
right foot
FE2
MI-MII
Canis latrans
left hind paw
Canis sp.
left forepaw

Table 6.5. Summary of modified extremities for mammalian carnivores and hunting birds, their
context, and their calculated temporal range.
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Figure 6.3. Common modifications showing longitudinal striations and grinding on dorsal
surface of Lynx rufus right metatarsals from the fill of room CS4. Modification is so extensive
that the medullary cavity is breached.

Figure 6.4. Modified phalanges with heavy grinding. A) Side (top) and dorsal (bottom) view of
ground wolf phalanx from room CS4. B) Side view of ground hawk (Buteo sp.) phalanx from
room DW8, one of the few elements that exhibited modification somewhere other than the dorsal
surface.
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Figure 6.5. Modified red-tailed hawk right and left tarsometatarsi from room CS4 with
longitudinal striations and grinding.

Figure 6.6. Coyote left third metatarsal from room FE2 with longitudinal striations and extensive
grinding breaching the medullary cavity.

Figure 6.7. Wolverine right third, fourth, and fifth metatarsals from room AS3 with longitudinal
striations.
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Figure 6.8. Staining on articulating wolf metacarpals with dorsal longitudinal striations from the
fill of room A35. The staining suggests that unskinned elements were used and buried whole.

and retained the bear paw shape. However, bear articulated paws are noticeably absent from the
Sapa’owingeh assemblage. Additionally, no claws were recovered with the many metacarpals,
metatarsals, and tarsometatarsi. Although several were found at Sapa’owingeh, they may have
been repurposed into necklaces (see Hill and Lange 1982:329) when gauntlets, paws, or talons
were retired. Figure 6.8 shows the stained metacarpals of a wolf paw, indicating that the paw was
likely buried in the flesh. The long striations and grinding on the dorsal surface of the
metacarpals and tarsals may have been from efforts to remove the skin from the dorsal surface of
the bone, making it possible to cover more of the wearer’s hand with the paw and possibly to
manipulate it more easily. The modified badger metacarpal of room A35 (Table 6.5) may have
been used as medicine during childbirth (Parsons 1962:15). There are no examples of wolf,
coyote, fox, bobcat, or wolverine paws or golden eagle or hawk talons used as paraphernalia
within Pueblo practices, but the known importance of these animals and the similar
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modifications supports the conclusion that they were used in ways like those described for bear,
badger, and mountain lion.
Body Part Representation of Food Animals
Based on rules requiring the return of unused portions of animal carcasses to nearby
hunting shrines or earth navel shrines outside of the village (Ford 1968; Ortiz 1969), I expect that
“unused” elements of hunted prey should be present in smaller numbers in the assemblage.
Specimens should be skewed toward high-meat and -marrow yielding elements because these
were the elements that were utilized most intensively for bone marrow and grease. Also, deer
and rabbit are specifically mentioned as needing to be returned to shrines to ensure the
proliferation of future game (Hill and Lange 1982:49; Parsons 1929:134). The low utility
(unused) elements from these species therefore also should be less abundant at the site. Bear,
while not explicitly mentioned within this context in the ethnographies, is expected to fall under
this rule as well because of its highly ritualized consumption and use (Hill and Lange 1982:5253). Table 6.6. presents the NISP counts for each class of animal by element type to determine if
this historical Tewa hunting rule can be detected in the Sapa’owingeh faunal assemblage.

Element
Antler
Axial
Cranial
Pelvis
Higher
Lower
Total

ArtioNISP LepusNISP UrsusNISP
158
n/a
n/a
113
49
1
150
18
4
18
0
1
250
134
4
242
59
14
931
260
24

Table 6.6. NISP for Artiodactyla, Lepus sp., and Urus sp. by element type. High yield elements
and low yield elements are highlighted.
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The archaeological correlates and expectations for this rule are not met, except for bears.
Only 24 bear remains were identified in the assemblage, yet they represent at least seven
individuals based on species identification, fusion, and siding. If the rule was not followed, more
elements should be present in the excavated material. Instead, low-marrow and low-meat
yielding elements were more common, which is unexpected if this Tewa rule was practiced.
However, as already discussed these elements were heavily modified or were unique, such as the
burned cranium. Rather than supporting the presence of the rule, this finding supports the idea
that bear remains were permitted in the village only for special uses or purposes.
The same rule is difficult to assess for rabbits and hares because of the number of
intrusive individuals suspected in the assemblage. To account for this, I excluded Sylvilagus sp.
from the analysis for fear that even a few non-archaeological individuals would skew the results.
Lepus sp. should not be as problematic because it is not as intrusive as Sylvilagus sp., which is
more of a burrowing animal. Of the 260 hare specimens, almost half were high yield elements,
but low yield elements were nearly as common. While the number of high yield elements was
higher than expected if the remains represented entire individuals, this result nonetheless
indicates that high yield elements were preferentially kept or disposed of within the village. The
greater presence of low yield elements further indicates that the Tewa rule of returning rabbit
bones to shrines cannot be detected in the Sapa’owingeh zooarchaeological collection. The
pattern seen here is more similar to ethnographic examples of whole rabbits instead of portions
being transported back to villages (Parsons 1962:Painting 71).
Artiodactyls also are well represented across high and low yield elements, but the
abundance of low yield elements are due primarily to the large number of antlers at the site
(Table 6.6). Deer and related large game are numerous within the assemblage and their use does
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not appear to follow the Tewa rule of returning “unused” portions of the animal to nearby
shrines.
Another Tewa rule for managing deer populations was a prohibition against killing
pregnant females. Ortiz (1969:113) wrote that the Tewa did not hunt deer during the early spring
in part because they did not want to accidently kill unborn deer, which would limit species
availability during the fall and in subsequent years. The spring season also fell under the
agricultural cycle when hunting was not a permitted subsistence activity (Ortiz 1969:99).
However, Hill and Lange (1982:50) wrote that prenatal fawns were a choice food at Santa Clara
Pueblo.
The Sapa’owingeh assemblage contains only one neonatal specimen, a mandible
fragment from a medium-sized Artiodactyl. This suggests that Ortiz’s observation has deeper
roots and was a prevalent practice, but this interpretation is complicated by the delicate nature of
neonatal bones and their decreased survivability in the archaeological record. Be that as it may,
the near absence of prenatal fauns suggests that the Tewa of Sapa’owingeh generally followed
seasonal restrictions associated with hunting large game and followed a similar subsistence
cycle, as outlined by Ortiz (1969) and Ford (1968).
Modified Elements of Food Animals
If the Tewa did not return (or did not always return) animal remains to nearby shrines,
then it is possible that they kept at least some of these bones in the village for other needs.
Clearly, bones were needed to make tools or ritual paraphernalia depending upon the species,
their body size, and the material needs of the crafter.
Antlers make up 16% (n=158) of the Artiodactyl assemblage at Sapa’owingeh. This is the
third most common element category after high- and low-marrow yielding elements (Table 6.6).
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Of these antlers 42.7% (n=68) are unmodified. This includes five specimens (three deer and two
elk) that have antlers still attached to the frontal bone. One specimen was part of a carefully
prepared half of a mule deer skull with a clean cut through the center (Figure 6.9). These items
may have been worn by dancers, mounted to kiva walls, or were curated in this manner to
preserve the pedicle for later use. The remaining 63 specimens (39.5%) were kept in the village
for unknown reasons. These could have been raw material stores, fragments from tools that do
not show any modification or use, or unused portions that were never returned to shrines as
historically known Tewa rules dictated. The modified antlers were used for a variety of activities.
Of those that could be identified, no particular tool dominates. Billets and flakers for knapping,
weaving tools, and fleshers are all common (Figure 6.10). An additional 80 tools were made
from non-antler Artiodactyl remains. Most of these represent low yield elements (n=77), and a
total of 66 (82.5%) were crafted into awls (Figure 6.11). This suggests that low-ranked elements
were kept within the village to satisfy tool production needs. However, of the 316 low-marrow
Artiodactyl elements, only one-quarter of them show evidence of modification or use wear.
These elements are still present at high numbers in the village in a way that tool production
cannot account for, indicating, again, that they were not returned to shrines.
Lagomorphs, though a common food resource, were not a significant source of raw
material for other uses. Only twelve tools, of which ten are awls and two are bone tubes, were
made from Lagomorph elements.
Turkey and large bird, as previously discussed, account for an overwhelming portion of
the Sapa’owingeh assemblage. The 4,550 remains include fully articulated specimens, scattered
bones in middens, and tools. This indicates that turkeys were not subjected to the disposal rules
that dictated how animal remains were treated. Hill and Lange (1982:48) write that domestic and
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wild animals were never cooked together. It is possible that since turkey was not hunted and was
a village animal, that it did not fall under the same rules as other wild food animals.

Figure 6.9. Half of a mule deer cranium with antler. Inset shows interior of cranium and clean
edge.
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Figure 6.10. Artiodactyl antler tools. Top to bottom: percussion billet, pressure flaker, flesher,
weaving tool, and elk antler pressure flaker.
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Figure 6.11. Artiodactyl long bone tools. Top to bottom: deer ulna awl and metapodial awl.

Earlier Pueblo peoples rarely used turkey and large bird as raw material for tool
production prior to their widespread adoption as a protein resource (McKusick 1986:18). This
changed as soon as turkey became readily available. At Sapa’owingeh turkey and large bird was
commonly utilized for tools and ritual paraphernalia. A total of 181 tools were made from their
skeletal remains, most of which were awls (n=114; Figure 6.12). Possible turkey awls also were
recovered during the Poshu’owingeh excavations near Sapa’owingeh in the lower Chama
(Jeançon 1923:Plate 30). However, the Sapa’owingeh pattern differs from those seen elsewhere
in the northern Rio Grande. At Arroyo Hondo 65% of awls were made from large mammal lower
limb bones (Lang and Harris 1984:194). At Sapa’owingeh only 22.3% (n=66 of 296) of the awls
and probable awls were large mammal lower limb bones. Munro (2006) suggests that turkey
bone was not a widely available raw material for tool production until they were a common
protein resource. The high percentage of turkey awls at Sapa’owingeh likely results from the
lack of large game in the area or the abundance of turkey in the village. While perhaps not the
material of choice, turkey large limb elements would have been easy to grind to a sharp point

205

because of their lightweight structure. The bones of these birds also were used to make beads and
tubes (n=36), flutes (n=7), and whistles (n=17).

Figure 6.12. Awl made from a turkey left tibiotarsus (Specimen 30/86).

In addition to the modified turkey bone, interments also indicate that these birds fulfilled
ritual needs as well. The interments at Sapa’owingeh date to the middle period almost
exclusively. This corresponds to the peak of population at Sapa’owingeh and the peak of ritual
elaboration as well. At least 20 individual turkeys, 14 of which were articulated, were found in
room DX11 during excavations. These remains were evenly distributed between adult and
juveniles, although only two-thirds could be assigned to an age category. A young Canis sp. also
was interred on the floor of the room as previously mentioned. Similar interments of turkeys and
a canid were found at Barker Arroyo (A.D. 550-825) in the La Plata Valley of northwestern New
Mexico and at Las Humanas, a Protohistoric site in the central Rio Grande (see references in Hill
2000:Table 3), indicating that this was a rare but possibly widespread practice.
Interments with multiple individuals are extremely rare throughout the Southwest (Hill
2000). The Sapa’owingeh interments are spread throughout the fill of DX11, suggesting that
most were separate events. One turkey and the canid were buried together on the floor and two
additional turkeys were interred in the fill located one to five inches above the floor (Hatch 1966;
Levine 1966). This proximity suggests that these four may have been buried as a single event.
Most of the Sapa’owingeh interments included the cranium, and the turkeys were likely strangled
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or smothered instead of beheaded, which was a common practice for killing these birds for their
feathers (Hill 2000). Hill (2000) determined that skull trauma on interred turkeys is rare. The
Sapa’owingeh assemblage is consistent with this finding. Only one of the crania from the DX11
room exhibits hack damage typical of a blow to the head (Figure 6.13).

Figure 6.13. Trauma indicated by arrow on posterior Meleagris gallopavo cranium.

The inclusion of a young canid in DX11 suggests that this room was ritually closed after
the initial deposit of the animals on the floor. The subsequent interments indicate that DX11 was
exclusively for the disposal of ceremonial trash thereafter (Hill 2000; Muir and Driver 2002;
Walker 1995:73). Few other artifacts were found in the fill, and the only other animal specimens
identified to taxa were a portion of an American beaver skull and a complete red fox skull, the
presence of which may also be ritually significant since both were hunted for their pelts. As
detailed in Chapter 3, the Tewa frequently used these pelts in the production of dance regalia.
Another group of food birds, wild birds, make up 6.6% (n=924) of the total
Sapa’owingeh faunal assemblage (see Appendix F for summary of species identifications). It is
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impossible to assess if wild bird remains were returned to shrines because only cranial and limb
elements are identifiable. This drastically skews the identified remains to the elements
considered “more useful” as tools or with higher marrow content, as with the larger birds. Some
of these specimens do have cut marks, chewing, burning, and fresh fractures indicative of human
consumption, further supporting the use of these species as a protein resource. However, very
few of them were identified in the Sapa’owingeh assemblage. Twenty-nine specimens were
identified as green-winged teal (Anas carolinensis), mallard (Anas platyrhynchos), gadwall
(Anas strepera), upland sandpiper (Bartramia longicauda), snow goose (Chen caerulescens),
American coot (Fulica americana), sandhill crane, and common merganser (Mergus merganser).
All of these were limb elements and seven had fresh breaks, but no other evidence of processing
or consumption was identified. The sandhill crane (n=16) specimens consisted mostly of whistles
(n=8) and flutes (n=3).
More wild bird species and specimens were expected, because the ethnographies
emphasize that these birds were a valued resource (Hill and Lange 1982:55; Ortiz 1969:33).
Additionally, previous research in the middle Rio Grande has shown that migratory birds are
common at Classic Period sites, most likely because of the large amount of land under
cultivation and proximity to major migratory paths (Cordero 2018). The low numbers at
Sapa’owingeh suggest either that migratory birds were not as available in the northern Rio
Grande as they were in the middle Rio Grande, that they were unavailable to the residents of
Sapa’owingeh for some reason, or that their use was restricted to a portion of the population that
Ellis’s excavations did not properly sample.
Songbirds specifically account for 4.2% (n=39) of the wild bird group and include the
horned lark, the common raven, Corvus sp., Steller’s jay (Cyanocitta stelleri), pinyon jay
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(Gymnorhinus cyanocephalus), black-billed magpie (Pica hudsonia), oriole (Icterus sp.), and
American robin (Turdus migratorius). Only one Corvidae and six common raven specimens
show evidence of processing. These are the largest bodied birds in this category. There are very
few specimens from the smaller songbirds. As previously discussed in Chapters 4 and 5,
excavation methods were biased against small animals and their elements. Among those that
were identified, no modified elements were detected. This is not surprising given their sizes and
reported uses.
Other feather birds that are not songbirds, but were identified in the Sapa’owingeh
collection, include several woodpeckers and the common nighthawk (Chordeiles minor). Ten
specimens were identified as Colaptes sp., northern flicker (Colaptes auratus), and Lewis’s
woodpecker (Melanerpes lewis). Only one exhibited evidence of a fresh break and none were
modified. One unmodified common nighthawk specimen also was identified.
Context of Ritual Animals and Paraphernalia
If the Tewa residents of Sapa’owingeh were returning portions of hunted animals to
shrines, it is expected that elements that were kept and that were not repurposed into tools should
be recovered from special contexts that have ceremonial importance. This archaeological
correlate assumes that these remains were permitted within the village if they were meant for
special purposes. Similarly, tightly controlled ritual animals, such as bears, should also be
recovered from ritual contexts. This assumes that access to certain species was restricted or that
use of their remains was strictly defined as detailed in the ethnographies. To test for this, all
species identified in the Sapa’owingeh assemblage were categorized by Tewa use based on
ethnographic data (Henderson and Harrington 1914; Hill and Lange 1982; Parsons 1969; Tyler
1991). These categories include Economic/Food, Food/Feathers/Ritual, and Ritual. The
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Economic/Food category are those animals that were used primarily for tools or food such as
Artiodactyls, rabbits and hares, and quail. The Food/Feathers/Ritual category includes animals
like turkey and bear that were food species, but their feathers or elements were also utilized in
ritual acts and in the construction of ritual items. The ritual categories are those that have no
other known use beyond ritual paraphernalia, such as eagles. Taxonomic categories that could
not be placed into a use category (n=4,350) were excluded from the analysis. Back dirt contexts
also were excluded because proveniences were lost during excavation. Counts of taxa were then
summarized by use and excavated context (Table 6.7).

Use
Economic/Food
Food/Feathers/Ritual
Ritual
Total

Fill
3473
3441
790
7704

Floor Feature
600
16
1164
13
142
1
1906
30

Cache
10
8
17
35

Table 6.7. NISP of Sapa’owingeh taxa by use and context.

A G-test goodness of fit demonstrates that differences between the contexts are
significant (G2 = 203.062, p = 0.00), and a post-hoc comparisons using Freeman-Tukey deviates
indicates which categories of data are driving these differences (bold in Table 6.8). Positive
values show positive and significant associations between context and use, and negative values
show significant negative associations.
Economic/Food animals are significantly more common than expected in fill contexts or
domestic trash. Food/Feather/Ritual animals occur in floor contexts in greater numbers than
expected, and ritual animals occur significantly more often than expected in cache contexts, both
possibly as offerings. Of those food and economic animals that were found in caches (n=10) nine
were modified, indicating that it was the tool or its use, not the animal, that made it relevant to
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Freeman-Tukey Deviates
Fill
Floor Feature Cache
0.92 -1.29
Economic/Food
3.61 -7.83
7.86
-0.29 -2.41
Food/Feathers/Ritual
-4.06
-1.16 4.53
Ritual
1.21 -3.50
Significance at the p=.05 level is shown (+/- 1.385903)

Table 6.8. Freeman-Tukey deviates of taxa by use and context. Significant positive values are in
green and negative values in yellow.

the cache. These modified items include one elk beamer from the cache in room DE06, five
whistles and two flutes from sandhill crane from the cache in room DW9, and a deer awl from
the cache in room DE06.

Sapa’owingeh Flutes, Whistles, and Bone Tubes
Perhaps the largest evidence supporting the ceremonial use of specific species at
Sapa’owingeh is the large number of flutes and whistles in the assemblage. This musical
instrument assemblage consists of 40 flutes, 107 whistles, and one complete bisitsi whistle plus
four possible instrument pieces (Table 6.9). Bone tubes (n=89) and possible tubes (n=4) also
were included in this analysis since they provide evidence for instrument production on site and
can be interpreted as instrument “blanks” (Burger et al. 2014). This is a remarkably high number
of musical instruments for a single site, comparable only to the site of Pecos which produced half
this number of instruments (Kidder 1932) relative to population (Orcutt 2002). Removed
articular ends also are present in the assemblage and these items provide additional evidence that
flutes and whistles were made locally, but these were not included in the analysis to avoid
inflating taxa counts.

211

Taxon
Flute
Unidentifiable
1
Mammalia
1
Unidentifiable mammal
1
Small mammal
Lepus sp.
Sylvilagus sp.
Canidae
Canis sp.
Canis latrans
Canis lupus
Lynx rufus
Avian
38
NID bird
19
large bird
Meleagridae?
Meleagris gallopavo
7
Meleagris gallopavo?
Grus canadensis?
3
large Accipitridae
Aquila chrysaetos
5
Aquila chrysaetos?
2
Buteo sp.
Buteo jamaicensis
Buteo regalis?
Circus cyaneus
Haliaeetus leucocephalus
2
Haliaeetus leucocephalus?
Cathartes aura
Total
79

Possible
Possible
tube
Whistle Bisitsi bisitsi Tube
5
1
4
7
1
0
0
18
1
7
1
1
1
1
1
2
2
3
1
101
0
0
64
3
51
31
2
2
1
15
21
2
8
2
1
1
1
1
17
3
3
2
1
1
1
1
209

1

4

171

8

Total
18
21
8
1
1
1
2
2
2
3
1
206
101
4
1
43
2
13
1
6
4
20
5
1
1
2
1
1
245

Table 6.9. NISP and identified taxa of Sapa’owingeh flutes, whistles, and tubes.

Production and Morphology
As seen in the summary presented in Table 6.9, avifauna elements (n=206) dominate the
flute and whistle assemblage and as such, are the focus of the discussion that follows. The
mammalian specimens (n=21) consist primarily of bone tubes (n=19), one Canid whistle, and
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one flute from an unknown mammal. Construction of these instruments are variable across the
Southwest and within the village of Sapa’owingeh. The majority of the Sapa’owingeh whistles
have a central sound hole (Figure 6.14B). They most likely would have been held or concealed in
the mouth when played and could be used hands-free (Tyler 1991:198). All the flutes have a
laterally located sound hole and are end-blown (Figure 6.14D, E). Some show evidence of a resin
fipple below the sound hole.

Figure 6.14. Sapa’owingeh flutes and whistle construction. A) notched whistle, B) central duct
whistle, C) lateral duct whistle, D) lateral duct flute, and E) notched flute (Burger et al. 2014).

As already mentioned, several lines of evidence demonstrate that flutes and whistles were
produced locally within the village (Burger et al. 2014). Prepared raw materials (blanks) include
turkey, eagle, and hawk elements with ground articular surfaces and/or longitudinal striations
that indicate initial preparation through scraping and cleaning the bone (Figure 6.15A). Articular
ends from the same elements and taxa show evidence of removal using the score and snap
method (Figure 6.15B). Prepared bone tubes also exhibit polished surfaces, smoothed cut edges,
and grinding to remove protuberances such as ulnar papillae. Some flutes also display patterns of
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discoloration (Figure 6.14D), which suggest they were wrapped with leather straps (Guernsey
and Kidder 1921:189). Interestingly, blanks and removed articular ends (Figure 6.15C) are
distributed across the site, suggesting that flute and whistle production was a widespread activity.

Figure 6.15. Stages of production. A) Prepared blanks with arrows pointing to ground articular
ends and smoothed shaft. B) Bone tube with arrows pointing to polished surfaces and smoothed
cut ends. C) Articular ends removed with the score and snap method as indicated by the arrow.

Instruments and tubes were made from a variety of avian elements. Ulnae were the most
common element identified (55.8%, n=115) and over half of the total flutes, whistles, and tubes
were constructed from bird ulnae (Table 6.10). This is due to the shape and size of the ulna,
which is typically the longest and most cylindrical in shape, making it ideal for sound
production. A long length is especially necessary for the spacing and drilling of multiple tone
holes in flutes. Over half of the flutes were made from ulnae, and those that were identifiable to
species (n=12) were made from especially large-bodied bald eagles, golden eagles, and sandhill
cranes. Flutes made from turkey were uncommon (Table 6.9, n=7) and none of these were made
with ulnae. While of a similar body size, turkey wing elements are short and robust. The
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medullary cavity is small, and ulnae are triangular in cross-section instead of cylindrical. This
likely made them undesirable for flute production (Burger et al. 2014).

Taxon
Flute Whistle Tube Total
NID bird
13
22
9
44
Large bird
1
1
Meleagris gallopavo
8
14
22
Grus canadensis?
3
4
1
8
Aquila chrysaetos
5
5
Aquila chrysaetos?
2
1
1
4
Buteo sp.
17
3
20
Buteo jamaicensis
3
2
5
Buteo regalis?
1
1
Circus cyaneus
1
1
Haliaeetus leucocephalus
2
2
Haliaeetus leucocephalus?
1
1
Cathartes aura
1
1
Total
25
59
31 115

Table 6.10. Taxonomic summary of Sapa’owingeh flutes, whistles, and tubes made from avian
ulnae.

The next most common element was the tibiotarsus at 18.9% (n=39, Table 6.11). Most of
these items (n=27 of 39) were too heavily modified to identify the species. The remaining twelve
could be identified to turkey and these were evenly divided between flutes and whistles. The
tibiotarsus is the only element on a turkey that is sufficiently long and regular in size to produce
a flute. Birds of similar size, especially the large hawks and eagles, have shorter legs and more
compact, flattened tibiotarsi that are not suitable for flute or whistle production.
Radial elements were identified in 10.2% of the assemblage (Table 6.12). This includes
four whistles from a cache in room DW9 that are provisionally identified as sandhill crane.
While the medullary cavity of the radius is regular by comparison to other elements, the shaft
itself curves and flattens in some species, particularly in turkey, and can be very small, such as in
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Taxon
Flute Whistle Tube Total
NID bird
4
18
5
27
Meleagris gallopavo
6
6
12
Total
10
24
5
39

Table 6.11. Taxonomic summary of Sapa’owingeh flutes, whistles, and tubes made from avian
tibiotarsi.

hawks. The small diameter of the bone might have also made it difficult to clear out the cavity
for flutes and difficult to grasp during play.

Taxon
Tube Whistle Total
NID bird
8
4
12
Large bird
1
1
Meleagris gallopavo
1
1
Meleagris gallopavo?
1
1
Grus canadensis?
1
4
5
Large Accipitridae
1
1
Total
12
9
21

Table 6.12. Taxonomic summary of Sapa’owingeh flutes, whistles, and tubes made from avian
radii.

The avian humerus was identified in 9.7% of the instrument assemblage (Table 6.13).
Five of these were identified as turkey and an additional tube as possible turkey. Avian humeri
are robust, flat, and short. They would not have been ideal for instrument production but would
have been easy to clean internally due to the broad shaft. Like the humerus, the femur is a short
robust bone, and only five (2.4%) were identified in the assemblage (Table 6.14). The one turkey
femur flute appears to be a whistle that was later modified with the addition of tone holes based
on the central location of the sound hole.
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Taxon
Flute Whistle Tube Total
NID bird
2
6
6
14
Meleagridae?
1
1
Meleagris gallopavo
1
4
5
Total
2
7
11
20

Table 6.13. Taxonomic summary of Sapa’owingeh flutes, whistles, and tubes made from avian
humeri.

Taxon
Flute Whistle Tube Total
NID bird
1
1
Meleagris gallopavo
1
2
3
Meleagris gallopavo?
1
1
Total
1
1
3
5

Table 6.14. Taxonomic summary of Sapa’owingeh flutes, whistles, and tubes made from avian
femora.

The least utilized avifauna element for instrument production was the carpometacarpus.
Only four of these (1.9%) were identified, consisting of one whistle and three tubes (Table 6.15).
This small bone is difficult to handle, has a small medullary cavity, and only very large birds
have elements that are suitable in size.

Taxon
Tube Whistle Total
NID bird
2
1
3
Aquila chrysaetos
1
1
Total
3
1
4

Table 6.15. Taxonomic summary of Sapa’owingeh flutes, whistles, and tubes made from avian
carpometacarpi.

In all, a wider variety of bones was used for making whistles as opposed to flutes (Table
6.16). This suggests that flutes require a more specialized morphology because of their size.
Brown (2005:195-196) similarly concluded that bone morphology was the primary deciding
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factor in the choice of elements for flute construction. However, the Sapa’owingeh instruments
indicate ulnae were the favored elements for both flutes and whistles, most likely because of
their uniform size and shape.

Element
Carpometacarpus
Femur
Humerus
Radius
Tibiotarsus
Ulna
Total

Flute
1
2
10
25
38

Whistle Tube/Possible
1
3
1
3
7
11
9
12
24
5
59
31
101
65

Total
4
5
20
21
39
115
204

Table 6.16. Summary of avifauna elements identified from flutes, whistles, and tubes.

Species Distribution
The Tewa of Sapa’owingeh utilized a variety of birds as the source for instrument raw
material. These data are best summarized by grouping them into five taxonomic categories.
These categories represent a mix of genus and species level identifications including cranes,
eagles, hawks, turkeys, and vultures (Table 6.17). When summarized in this manner, it becomes
obvious that flutes were made from a select few species, most likely due to body size. Whistles
were made from a wider variety of taxa with hawk and turkey the most common. This pattern is
typical for Pueblo IV period assemblages in the Rio Grande Valley (Brown 2005:247).
However, body size may not have been the only determining factor for species selection
in the production of flutes and whistles. The cultural meanings (see Chapter 3) attached to these
birds by the Tewa may also have had a strong influence over which birds were selected for
whistles and which ones were appropriate as flutes. To explore this further, I grouped the
assemblage according to general associations between bird taxa and the elements or activities
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Taxon
Crane
Eagle
Hawk
Turkey
Vulture
Total

Flute

WhistTube Total
8
2
13
2
2
13
22
6
28
7
17
22
46
1
1
19
50
32 101
3
9

Table 6.17. Summary of Sapa’owingeh instruments by identified bird.

associated with them by the Tewa and other Pueblo groups using Henderson and Harrington
(1914), Parsons (1929), and Tyler (1991). Bird taxa are grouped and tabulated according to
whether they were associated with the sky and hunting or with water and the rain (Table 6.18).
Turkey vulture were removed from this analysis because of the low number of specimens (n=1).

Taxon
Association Flute Whistle Tube Total
Eagle/Hawk Sky/Hunting
9
24
8
41
Turkey/Crane Water/Rain
10
25
24
59
Total
19
49
32 100

Table 6.18. Flutes, whistles, and tubes summarized by grouped taxa and Pueblo associations.

Freeman-Tukey deviates (Table 6.19) indicate that associations do not limit species to
certain instrument types. This is unsurprising. Grouping eagle and hawk together do not agree
with the element distribution data where hawks make up many whistles while eagle is mostly
identified among the flutes. A larger sample size is necessary to examine each taxon separately
to determine if animal associations truly influence selection. However, a G-test goodness of fit
shows that there is a significant difference in the distributions of tubes (G=5.187, p=.075). There
is a positive correlation between tubes from water/rain birds and a negative correlation between
tubes and sky/hunting birds. This result duplicates a similar analysis from Burger and others
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(2014). Tubes may have had a variety of uses for personal adornment or decoration, and some of
them may represent flute or whistle blanks or blank fragments. Either way, water/rain birds
appear to be significantly associated with special or expressive uses that these birds and their
meanings could convey.

Freeman-Tukey Deviates
Flute Whistle Tube
Sky/Hunting
0.49
0.88 -1.48
Water/Rain
-0.29
-0.70 1.15
Significance at the p=.05 level is shown (+/- 1.131585)

Table 6.19. Freeman-Turkey deviates for grouped taxa associations by artifact type.

Instrument and Bone Tube Context
Instruments and tubes are found throughout Sapa’owingeh in fill, floor, cache, and
surface contexts (Table 6.20). To determine if there was a relationship between instrument type
and context, I ran a contingency analysis for all avian specimens (Table 6.21). I collapsed these
contexts into cache and non-cache to maintain consistency with previous work (Burger et al.
2014). Surface and unknown contexts were excluded.

Context
Cache
Fill
Floor
N/A
Surface
Total

Flute Whistle Tube Total
11
29
1
41
23
45
59 127
3
23
5
31
4
2
6
1
1
38
101
67 206

Table 6.20. Summary of Sapa’owingeh flutes, whistles, and tubes by excavation context.
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Freeman-Tukey Deviates
Cache Non-Cache
1.66
-4.97
Tube
-0.59
Flute
1.17
-1.03
Whistle 1.87
Significance at the p=.05 level is shown (+/- 1.131585)

Table 6.21. Freeman-Tukey deviates for artifact type by context.

Contingency analysis shows that there is a significant difference (G=28.738, p=.000)
between cache and non-cache contexts. There is a positive and significant correlation between
cache contexts and flutes and whistles and a negative and significant correlation between caches
and tubes. Non-cache contexts and tubes are positively correlated. These distributions indicate
that flutes and whistles were special objects and may have been subjected to rules about their
use, storage, and discard (see Mills 2004, 2008). More importantly, most of the flutes and
whistles were recovered from caches in what may have been ceremonial rooms in the central
area of the site dating to the early and mid-15th century. Most were recovered in two groups
within a single room in Plaza D (DW9). Figure 6.16 is a rendered field map of the larger of the
two caches, located near the floor of this room. The cache contained 13 flutes, 28 whistles, and
other items of ceremonial significance including malachite, cloudblower pipes, calcite crystals,
lightning stones, and copper sulfate nodules. Ellis’ crews found smaller caches in room DW8 and
room FN2 from the same roomblock that also included kiva jars. One flute in a non-cache
context was found in association with a possible foot drum. The prevalence of finished
instruments in cache contexts clearly indicates that access to finished flutes and whistles were
highly managed and that these spaces were consecrated specifically for their care. The presence
of flutes and whistles in caches, and the general rarity of such caches across the site indicate that
access to the instruments was similarly managed, possibly by high-ranking individuals or ritual
specialists.
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Figure 6.16. Profile view of a large cache of flutes, whistles, and other ritual paraphernalia found
in room DW9 during excavation (Burger et al. 2014). Redrawn from Secord (1969) and Stanley
(1969).

Temporal distribution
Using calculated mean ceramic dates, it is possible to examine the temporal distribution
of flutes, whistles, and tubes at Sapa’owingeh (Figure 6.17). Large caches from DW8 and DW9
were not included in this analysis because their size would skew these results. Both caches date
to the early period with an MCD of A.D. 1456. Additionally, not all instruments and tubes are
from dated contexts. This analysis was necessarily restricted to specimens with associated dates,
which is just over half of the assemblage (n=144).
The specimens are from dated contexts that are normally distributed from A.D. 1410 to
1470 with outliers with an MCD of A.D. 1410 (a flute in the DW5 floor), and A.D. 1540 (a tube
in EE1 room fill), and A.D. 1545 (a whistle on the AE7 floor). There is a clear peak at A.D.
1430-1450. The DW8 and DW9 caches also correspond with the peak in the middle period. This
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Figure 6.17. Temporal distribution of dated flutes, whistles, and tubes at Sapa’owingeh.

peak corresponds with the population peak at Sapa’owingeh, which levelled off after A.D. 1450.
The high density of flutes and whistles during this period therefore corresponds with population
aggregation and further suggests a level of ceremonial elaboration that is typical of the Pueblo IV
Period (see for example, Adams and LaMotta 2006; Brown 2005:112; Ruscavage-Barz and
Bagwell 2006; Van Keuren and Golwacki 2011). At Sapa’owingeh, this elaboration resulted in
an increase and diversification of community-wide ceremonies that included songs and dances,
where flutes and whistles were required.

Summary
The patterning in the zooarchaeological data shows that Tewa hunting rules and animal
management practices were in play during the Classic Period and likely were at their strongest
during the middle period of occupation at Sapa’owingeh when population was at its highest. This
has important implications for understanding the nature of Tewa ethnogenesis (Duwe 2020),
Tewa Traditional Ecological Knowledge (TEK), and how residents experienced food security in
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the past. Moreover, a number of Tewa institutions and their associated practices do seem to be
evident in the archaeological record of Sapa’owingeh from the beginning of the occupational
sequence. This suggests that at least some of these institutions and practices came with migrating
populations, possibly from the Mesa Verde region (Ortman 2016a).
Analysis of the assemblage does reveal that rules guiding Tewa animal use were variable
and perhaps not as strictly defined or enforced as indicated in the ethnographies. The lack of
consumption evidence on secondary consumers does indicate that the Classic Period Tewa
proscriptions against eating mammalian carnivores and omnivores or hunting birds is consistent
with similar proscriptions in the ethnographic record. These animals were commonly modified as
tools and ritual paraphernalia, or they were interred and cached, providing further supporting
evidence for their sacredness. These and other ritual animals were more likely to be recovered
from ritual contexts at Sapa’owingeh while food and economic animals were more likely to be
found in room fill and trash, again showing that Tewa ideas about animals and their meanings
have precedence in the pre-Columbian past. Deposition rules proved to be difficult to assess for
wild bird resources because identifiable remains are biased toward limb elements, and many
feather birds that were also a food resource were too small to be adequately sampled by the
excavation methods. Turkey is the most notable exception to the Tewa deposition rules and was
ubiquitous in the assemblage and across contexts, possibly because of its status as a village
animal and a protein, raw material, and ritual resource.
The only ethnographically known hunting rule with little supporting evidence during the
Classic Period is the return of unused portions of hunted animals to shrines, and this may in fact
have been impractical with such a large village population. In the Sapa’owingeh assemblage, this
rule only held true for bear specimens, which are rare and mostly occur as beamers or in special
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contexts. Hare and Artiodactyl remains do not appear to conform to this rule. The copious
presence of low yield elements from deer and other large game animals may have been
influenced by the necessity of bone grease processing for provisioning and their low numbers in
the immediate environment. However, the data does support a conclusion that Sapa’owingeh
hunters did not kill pregnant females, which also is consistent with the Tewa subsistence
calendar (Ortiz 1969). The large size of the village and ritual elaboration may have further
necessitated a high demand for raw materials to produce tools and ritual items such as dance
regalia, curing implements, and music instruments. These are expected outcomes of community
coalescence, which would have included ceremonial dances and events that were critical to the
circulation of food and increased food security.
The Sapa’owingeh modified faunal assemblage and identified species reflect the ritual
elaboration typical of the Pueblo IV Period (Potter 1997). Interred animals, modified mammal
paws and bird claws, and flutes and whistles date primarily to early period rapid coalescence and
middle period peak population. Ritual items and contexts continued to exist during the late
period, but not as frequently. This suggests that ritual acts, such as the production and caching of
sacred items, were more necessary to maintain community cohesion during stressful times. One
of the largest ritual caches, excavated in room DW9, included 13 flutes, 29 whistles, and other
items including malachite, cloudblowers, calcite crystals, lightning stones, and copper sulfate
nodules, all of which are widely recognized ceremonial objects (Parsons 1939). DW9 almost
certainly was one of the ceremonial rooms utilized to store ritual objects belonging to a
ceremonial society (Ballagh and Phillips 2014). Most of the other the caches in Sapa’owingeh
rooms were smaller and were likely part of everyday household ritual practices or belonged to
specialists or dancers that stored their paraphernalia within their homes.
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The next and final chapter will summarize the findings of this project based on the
research questions described in Chapter 1. I show that, based on the conclusions here,
zooarchaeology is crucial to food security studies. The food security indices, animal management
practices, and inferred Tewa institutions at Sapa’owingeh will be discussed in relation to
momentary population estimates for the village and dendroclimatic reconstructions for the Lower
Chama Valley. I conclude by summarizing how the many Tewa practices may have been
influenced by coalescence during the Classic period, a socially stressful time, and likely have
deeper roots related to Tewa origins.
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CHAPTER 7
CONCLUSIONS

“If we make a claim about the human experience in another time or place, we want to be
able to substantiate that claim with evidence, both so that it can be investigated further
and so that it might inform decision-making today,” (Hegmon 2016:8)

Introduction
In the previous chapters, I have reviewed the archaeological research of the northern Rio
Grande and how it forms the basis of our knowledge about food security in the past (Chapter 2).
I summarized Tewa and Pueblo ethnography, focusing on how the Tewa used and thought about
animals, and I developed a model from this synopsis to establish a number of expectations for
evidence of Tewa institutions and practices associated with food security and animal
management in the zooarchaeological record (Chapter 3). With this model in mind, I presented
the analysis of the zooarchaeological data, focusing on food refuse, ritual contexts, and
ceremonial paraphernalia (Chapter 4), what these data reveal about food security (Chapter 5),
and how they inform on Tewa institutions and practices during the Classic Period (Chapter 6).
In this final chapter, I assess the results of my research and where it stands in relation to
previous archaeological investigations of the Tewa in the northern Rio Grande. Specifically, I
compare patterns in Sapa’owingeh food security and Tewa practices to momentary population
estimates for the village (Eiselt and Darling 2013; see also Duwe et al. 2016) and precipitation
reconstruction for the Lower Chama Valley (Cook et al. 2010; Stahle et al. 2020). This synthesis
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allows me to address my primary research question: When and under what conditions did Tewa
food security practices and institutions emerge in the Lower Rio Chama Valley, and what was
their role in the acquisition and management of game? Additionally, I will assess if these
practices and institutions were present from the beginning of the culture sequence, or if they
emerged in the lead up to peak population, and what role they played in the maintenance of
large, aggregated villages prior to depopulation of the Rio Chama starting the in early 1500s. I
will also discuss how my project contributes to understandings of Tewa origins in relation to
coalescence, the continuity of Tewa TEK into historic times, and the development of economic
differentiation among villages during the Classic Period. Finally, I summarize why it is
important to study food security in the past to understand the role of social, public, and religious
institutions in managing food security during modern times.

Comparative Datasets
Analysis of the Sapa’owingeh faunal assemblage reveals that there is a temporal pattern
to animal utilization (see Chapter 5), indicating that it is feasible to understand food security
through time. This is essential to date the emergence of Tewa institutions and practices, but also
to compare these patterns to major cultural and environmental changes in the Tewa Basin,
specifically the apparent population explosion of the Classic Period and evidence for highly
variable precipitation in the Rio Chama region during this time. This is achievable because the
zooarchaeological measures employed are relative and therefore not affected by population size
(see Chapter 4). Similarly, patterning in ritual paraphernalia, particularly the diversity of
identified species, mimics other Pueblo IV patterns and is not simply explained by a large
population (Brown 2005; Potter 1997) as discussed in Chapter 6.
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Food Security and Tewa Practices
To summarize, during the early period of occupation at Sapa’owingeh, food security was
low to moderate (Table 7.1). The availability of and access to large game was limited for
unknown reasons, but other protein resources, most notably cottontail and turkey, were plentiful.
Resource processing intensity was low. This suggests that people had enough animal resources to
satisfy most of their needs. The middle period represents maximum village food security. Large
game and jackrabbits were more prevalent and were not intensively processed. It is likely that
these desirable wild resources were available within the Tewa homeland and accessible to the
general population. Deer, elk, and other large game were more prevalent in kiva contexts,
implying that, if large game was not available to everyone, it was accessible through community
events where food was redistributed. Turkey use also peaked during this period, most probably
as both a protein resource and for ritual paraphernalia. In contrast, food security was lowest
during the late period depopulation of the village. Large game use dropped from the previous
period, possibly from overuse of animal resources in the immediate environment or a decline in
long-distance hunting trips. The decline in turkey use reveals that households stopped or scaled
back rearing turkeys as the human population dwindled.

Measure
Food Security
Population
Precipitation

Early

Middle

Late

A.D. 1350-1400

A.D. 1400-1500

A.D. 1450-1550

low/moderate
rapid growth
high variability

moderate/high
low (high food insecurity)
stable growth; peaks AD 1450 rapid decline
high variability
average, stable

Table 7.1. Food security, momentary population estimates (Eiselt and Darling 2013), and
precipitation reconstruction (Stahle et al. 2020) for Sapa’owingeh and the Rio Chama across the
time periods examined in the present study.
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The faunal assemblage also was examined for the timing and characterization of Tewa
practices related to food management (see Chapter 6). Based on the MCD results for contexts of
flutes and whistles, caches, articulated paws, and other ritual items, Tewa practices and their
overarching institutions were present throughout the occupation of the village, but they do appear
to have peaked in their effectiveness during the middle period. Temporal patterns show that these
practices were present at the beginning of the occupation as well, suggesting that some of them
pre-date the founding of Sapa’owingeh. Unfortunately, few of the late period contexts were
excavated by Ellis and her crews, making it difficult to characterize Tewa practices during
depopulation. However, ritual items do appear less frequently during this time, suggesting a
decline in or absence of the social and religious institutions that would have managed access to
animal resources.
As predicted from the ethnographic record of known animal rules (see Chapter 3), the
Sapa’owingeh villagers did not eat secondary consumers such as hawks, eagles, wolves, fox, and
bear. However, rules dictating the appropriate disposal of these animal remains outside village
walls at shrines are not readily apparent. Instead, the remains of secondary consumers are
relatively common. Bears, which are rare in the assemblage, may be the only exception. Possible
explanations are that these Tewa practices developed after the depopulation of Sapa’owingeh or
that higher levels of food security combined with a larger population made specialized disposal
of animal remains impractical, especially when we consider that widespread intensive processing
for marrow is generally lacking.
We also know that ritual elaboration during the Pueblo IV Period required more raw
materials to produce ceremonial paraphernalia and other tools (Potter 1997) and more of these
are present in the Sapa’owingeh assemblage. This finding, again, is not consistent with the
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animal deposition practices that are recorded ethnographically. The prevalence of deer and elk
antlers (16 percent of the artiodactyl assemblage) supports this conclusion. These items were
kept and disposed of in the village. However, the lack of large game materials in the production
of other tools, such as awls, does not support the conclusion. These are generally lacking in the
assemblage and may have been curated or disposed of outside of the village as predicted from
ethnographic practices.
Momentary Population Estimates
Momentary population estimates (Figure 4.1) provide an essential context for interpreting
food security patterns in the zooarchaeological data. Sapa’owingeh was occupied from A.D.
1385 to 1525, and population changed drastically during this time (Table 7.1) based on
reconstructions by Eiselt and Darling (2013) and Duwe and others (2016) using a pueblo
decomposition model to estimate living space. Growth was rapid during the early period from
initial settlement to A.D. 1400. This growth stabilized but continued to increase through A.D.
1500, leveling off at over 2,000 people around A.D. 1450 of the middle period. Depopulation of
Sapa’owingeh was rapid after A.D. 1500, the late period.
It would have been difficult to provision a rapidly growing community undergoing
significant reorganization during the early to middle periods, yet the residents of Sapa’owingeh
managed to achieve moderate food security up to the mid to late A.D. 1400s. The decline in food
security during the late period suggests that depopulation may have disrupted the institutions that
ensured food security, especially as the community dispersed or moved south to Ohkay Owingeh
and Yunque’owingeh near the confluence of the Rio Chama and Rio Grande (Walt 2014:23).
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Precipitation Reconstruction
Changes in precipitation affect plant growth, soil moisture, water storage, and insect
abundances, which in turn influence animal species distribution (Gutiérrez et al. 2014; Otugu et
al. 2008). Therefore, it is necessary to understand how precipitation shifted during the occupation
of Sapa’owingeh when discussing variation in food security patterns. Figures 4.2 and 4.3. show
reconstructed cool- and warm-season precipitation during the occupation of Sapa’owingeh
(Stahle et al. 2020). These reconstructions can be transformed into the standardized precipitation
index (SPI) to examine variability through the number of standard deviations from average
precipitation (Figures 7.1 and 7.2). SPI reveals that precipitation varied greatly during the
occupation of Sapa’owingeh, but that cool-season variability was greater.

Figure 7.1. Warm-season SPI for the Lower Rio Chama Valley: red = annual values; black = 10year cubic smoothing spline (Stahle et al. 2020).
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Figure 7.2. Cool-season SPI for the Lower Rio Chama Valley: red = annual values; black = 10year cubic smoothing spline (Stahle et al. 2020).

Unlike the NASPA, the North American Drought Atlas (NADA) provides summer (June,
July, and August) Palmer drought severity index (PDSI) reconstructions, which is a yearly
estimate of soil moisture conditions (Cook et al. 2010). The PDSI is the “…integration of
precipitation inputs and evaporative losses over the course of approximately one year,” (Stahle et
al. 2020:3175) Figure 4.4 shows the reconstructed PDSI for the years A.D. 1350-1550 for the
Lower Rio Chama. Severe drought years (PDSI ≥ -1) for the region are visible through the curve
for annual values.
Reconstructed precipitation and SPI reveal that, after A.D. 1350, precipitation was highly
variable, and the A.D. 1420s to 1430s were extremely wet. Following this, the Rio Chama
experienced a dry period until the late A.D. 1400s. Precipitation in the early A.D. 1500s was
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above average with lower variability, but dry in the A.D. 1530s and early A.D. 1540s during
Sapa’owingeh depopulation. The large drought of the late A.D. 1500s did not affect the Rio
Chama area as much as other areas because of higher average precipitation. For the period
reconstructed by Towner and Salzer (2013) and Cook and others (2010), the Rio Chama
experienced seven of its 25 wettest years and four of its 25 driest years during the occupation of
Sapa’owingeh. The residents of the village undoubtedly perceived these changes in precipitation
and took measures to mitigate their effects.
When synthesized, these datasets reveal that Sapa’owingeh food security was, on
average, moderate when the population was growing, despite highly variable precipitation that
would alter resource availability. Patterns in the zooarchaeology assemblage reveal that Tewa
practices were in effect from the beginning of occupation and peaked when population peaked in
the mid A.D. 1400s. This suggests that the Tewa institutions associated with management of
animals were present during the founding of the village but likely were elaborated over time as
population grew. The implication is that these institutions and practices ensured the availability
of, and access to, resources by mandating appropriate animal use, especially during those times
when social and environmental changes made access to animal products uncertain. Of the known
Tewa practices, those that were most likely present from the beginning were rules over access to
food, the ceremonial events associated with food redistribution, and norms associated with
possibly forbidden foods such as fish and hunting birds. This suggests that these institutions and
practices predate the Classic Period, possibly originating prior to the emergence of a distinctive
Tewa identity in the northern Rio Grande, as discussed further below. As the village population
declined, these institutions appear to have failed or diminished, possibly resulting in high food
insecurity despite the climatic stability that is apparent in tree-ring data during this time. This
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patterning indicates that favorable ecological conditions are not enough to ensure community
cohesion. Social and religious mechanisms also are required to ensure equitable access to food in
good times and in bad.

Food Security and Tewa Basin Research
My research on Tewa food security and institutions is situated within and informs nearly
a century of archaeological research in the Tewa Basin, much of which was discussed in Chapter
2. It is especially pertinent to more recent research focused on incorporating Native Science into
broader discussions of resource use (Eiselt 2019; Ford and Swentzell 2015; Preucel and Duwe
2019; Roos et al. 2021) the origins of Tewa identity (Bernhart and Ortman 2014; Duwe 2020;
Duwe and Cruz 2019; Ortman 2010a, 2010b, 2012), and debates surrounding the migration of
communities into the Chama Valley prior to the Classic Period (Boyer et al. 2010; Lakatos 2007;
Steen 1977; Wendorf 1953a; Wendorf and Reed 1955).
Native Science is reflected in the TEK of animal and landscape management. Tewa
practices stem from deep knowledge about their homeland, which is woven into oral histories of
“cultural persistence” that detail their ties to the Tewa Basin and the resources within it
(Anschuetz 2005:55). The Ancestral and modern Tewa have encoded their landscape to act as
“social memory” in which their actions repeat the past, reaffirming those traditions for the
present and future (Duwe 2020; Anschuetz 2005). Anschuetz (1998, 2005) and others (Duwe
2020; Duwe and Cruz 2019; Ford and Swentzell 2015) have written extensively on the continuity
of traditions within the Tewa Basin by examining the nature and distributions shrines, how Tewa
farmers managed water resources, and how short-term sedentism conditioned movement
between villages. Animal management is yet another set of practices comprising the TEK of the
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Tewa, which served to mitigate environmental uncertainty (Anschuetz 2005). This project
furthers this conversation by demonstrating that zooarchaeological assemblages also can be
examined for continuity and how models built from the ethnographic record can be used to
investigate resource management in the past.
Regarding coalescence and ethnogenesis, a primary goal of this dissertation is to provide
additional context for these Classic Period processes. A.D. 1250 to 1350 was a time of
ethnogenesis, during which the Tewa built their landscape and negotiated their place within the
northern Rio Grande (see Chapter 2). As disparate people came together in larger villages, shared
institutions and practices facilitated a new identity and a cohesive community (Anscheutz 2010;
Duwe 2020; Duwe and Anschuetz 2013). However, coalescence is characterized by unique
struggles (Kowalewski 2013), one of which is provisioning a hungry population. By examining
food security we can better understand the human experience of coalescence and Tewa
ethnogenesis and the challenges Ancestral Tewa overcame (or not) prior to Spanish colonization.
Similarly, this approach provides a new understanding of Classic Period depopulation and
suggests some of the motivations for movement out of the Lower Rio Chama during the A.D.
1500s. Specifically, the research presented here indicates that those motivations were not
completely driven by environmental conditions. A decline in food security and the institutions
and practices that managed access to food also played an important role.
Zooarchaeology also provides a new angle on Classic Period economic developments
related to population growth and aggregation (Duwe et al. 2016; Eiselt 2019; Eiselt et al. 2017;
Ortman and Davis 2019). We know through ethnography and previous ecological studies that
beliefs about nature influenced Tewa procurement practices (Cajete 2000; Ford 1968:248; Ortiz
1969). Agriculture studies also reveal that the Ancestral and modern Tewa people practiced
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sustainable land use, facilitated by many associated institutions that managed and ensured
equitable access to farm products (Anschuetz 1998; Eiselt 2019; Ford and Swentzell 2015). A
consideration of food security in zooarchaeological and food studies extends this conversation by
examining how the Tewa sustainably managed the animals in their homeland as well (Cajete
2000; Ortiz 1969) and how economic differentiation between villages during the Classic Period
provided for the regional circulation of goods (Eiselt 2019; Ford 1972). Sapa’owingeh, with
copious space dedicated to turkey husbandry and a high overall percentage of turkey remains,
may have been a center for turkey protein, feather, or ceremonial paraphernalia production in the
lower Rio Chama. The assemblage also reveals distant economic relationships through the
presence of nonlocal species like wolverine, painted turtle, and lesser prairie chicken, with the
notable near absence of bison. Through this we can infer exchange with or travel to neighboring
villages to the south and more distant trips to the north for desirable raw materials or finished
goods.
Defining past practices that manage animal resources, as I have done here, also provides
another line of evidence for the Tewa origins debate (see Chapter 2). Patterns of animal use can
be investigated for an indigenous Rio Grande signature (Boyer et al. 2010; Lakatos 2007; Steen
1977; Wendorf 1953a; Wendorf and Reed 1955), a migratory population (Crown, Orcutt, and
Kohler 1996; Jeançon 1923; Reed 1949; Snead, Creamer, and Van Zandt 2004), or a new
blended identity (Anschuetz 1998; Cordell 1995; Duwe 2011; Fowles 2004a, 2004b; HabichtMauche 1993; Ortman 2010a, 2010b, 2012). The indication of low to moderate food security and
modified artifacts during the early period suggest that certain practices were established prior to
the founding of Sapa’owingeh, perhaps from the memory of past food insecurity in the Mesa
Verde and northern Rio Grande regions (Ortman 2016). This study provides a Classic Period
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animal use signature against which earlier patterns from sites in Mesa Verde, the Pajarito
Plateau, and the northern Rio Grande can be compared in future research.

Conclusions
This dissertation project has demonstrated that a targeted and well-informed approach to
analyzing legacy collections can produce a wealth of data. This is crucial as archaeology hopes
to further the discussion about coalescence and the emergence of a distinctive Tewa identity in a
region where excavation opportunities are limited and not consistent with Pueblo wishes. Given
the number of archaeological collections from the American Southwest, archaeologists should
strive to incorporate collections analysis when and if possible. However, a detailed
understanding of these assemblages and the associated archives is necessary to avoid some of the
pitfalls of working with legacy collections (Jones and Gabe 2015; Voss 2012). I found that one
of these pitfalls is time. The Sapa’owingeh collection required an unanticipated amount of time
to prepare it for detailed analysis. However, as Voss (2012) points out, preparatory work with
collections should be seen as research in its own right.
This study also explores zooarchaeology and ethnography as avenues to understand food
security in the past and shows that both can be applied successfully, although with limitations.
Zooarchaeological analysis is limited by excavation methods and I found that I was not able to
examine food security between households or across contexts through time. Another limitation
was the relative dearth of information for the Tewa on the TEK of animal management. This
knowledge is sacred (Cajete 2000) and understandably guarded by Indigenous communities,
leading me to rely on ethnographic monographs and data that were broader in scope and included
other Pueblo groups to understand the nuances of resource management in the past. I was able to
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examine food security through time and demonstrate that traditional Tewa practices and
institutions were present and that they had a strong influence over resource use and availability.
A food security approach has a wide-reaching applications (Hegmon 2016), but to date,
research has focused on how food insecurity manifests in modern communities and how food
sovereignty, the democratic production and distribution of food, can be fostered or maintained.
Less attention has been paid to the social institutions and practices that emerge to leverage social
capital, to regulate food availability and access for growing populations, or how such institutions
promote food sovereignty and enduring traditions over time. This study is an example of how
archaeology can contribute the long-term perspective that is needed as world nations struggle to
address food insecurity within the context of climate change and environmental variability,
especially in rural communities relying on traditional agricultural and land management practices
(FAO 2019:vii). It also highlights the value of social, religious, and public institutions in
safeguarding food security during economically and socially turbulent times (Bene 2020;
Laborde et al. 2021).
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APPENDIX A
TABLES OF ANTICIPATED SPECIES

Order
Family
Scientific Name
Artiodactyla Antilocapridae Antilocapra americana
Artiodactyla Bovidae

Ovis canadensis

Artiodactyla
Artiodactyla
Artiodactyla
Artiodactyla
Carnivora
Carnivora
Carnivora
Carnivora
Carnivora
Carnivora
Carnivora
Carnivora
Carnivora
Carnivora
Carnivora
Carnivora
Carnivora
Carnivora
Carnivora
Carnivora
Carnivora
Carnivora

Alces alces
Cervus elaphus
Odocoileus hemionus
Odocoileus virginianus
Canis familiaris
Canis latrans
Urocyon cinereoargenteus
Vulpes macrotis
Vulpes vulpes
Lynx canadensis
Lynx rufus
Puma concolor
Mephitis mephitis
Spilogale gracilis
Martes ameriana
Mustela erminea
Mustela frenata
Taxidea taxus
Bassariscus astutus
Procyon lotor
Ursus americanus
Ursus arctos

Cervidae
Cervidae
Cervidae
Cervidae
Canidae
Canidae
Canidae
Canidae
Canidae
Felidae
Felidae
Felidae
Mephitidae
Mephitidae
Mustelidae
Mustelidae
Mustelidae
Mustelidae
Procyonidae
Procyonidae
Ursidae
Ursidae

Common Name
pronghorn
rocky mountain bighorn
sheep
moose
elk
mule deer
white-tailed deer
dog
coyote
common gray fox
kit fox
red fox
Canada lynx
bobcat
mountain lion
striped skunk
western spotted skunk
American marten
ermine weasel
long-tailed weasel
American badger
ringtail
common raccoon
black bear
brown bear

Table A.1. List of expected mammals generated through the New Mexico Department of Game
and Fish Biota Information System of New Mexico (BISON-M) for Rio Arriba County, New
Mexico (BISON-M 2016).
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Order
Chiroptera
Chiroptera
Chiroptera

Family
Molossidae
Molossidae
Vespertilionidae

Scientific Name
Nyctinomops macrotis
Tadarida brasiliensis
Antrozous pallidus

Chiroptera

Vespertilionidae Corynorhinus townsendii

Chiroptera
Chiroptera
Chiroptera
Chiroptera
Chiroptera
Chiroptera
Chiroptera
Chiroptera
Chiroptera
Chiroptera
Chiroptera
Insectivora
Insectivora
Insectivora
Insectivora
Insectivora
Lagomorpha
Lagomorpha
Lagomorpha
Lagomorpha
Lagomorpha
Lagomorpha
Rodentia
Rodentia
Rodentia
Rodentia
Rodentia
Rodentia
Rodentia
Rodentia
Rodentia
Rodentia
Rodentia

Vespertilionidae
Vespertilionidae
Vespertilionidae
Vespertilionidae
Vespertilionidae
Vespertilionidae
Vespertilionidae
Vespertilionidae
Vespertilionidae
Vespertilionidae
Vespertilionidae
Soricidae
Soricidae
Soricidae
Soricidae
Soricidae
Leporidae
Leporidae
Leporidae
Leporidae
Leporidae
Ochotonidae
Castoridae
Cricetidae
Cricetidae
Cricetidae
Cricetidae
Cricetidae
Cricetidae
Cricetidae
Cricetidae
Cricetidae
Cricetidae

Eptesicus fuscus
Euderma maculatum
Lasionycteris noctivagans
Lasiurus cinereus
Myotis californicus
Myotis ciliolabrum
Myotis evotis
Myotis thysanodes
Myotis volans
Myotis yumanensis
Parastrellus hesperus
Sorex cinereus
Sorex merriami
Sorex monticolus
Sorex nanus
Sorex palustris
Lepus americanus
Lepus californicus
Lepus townsendii
Sylvilagus audubonii
Sylvilagus nuttallii
Ochotona princeps
Castor canadensis
Microtus longicaudus
Microtus montanus
Myodes gapperi
Neotoma albigula
Neotoma cinerea
Neotoma mexicana
Neotoma micropus
Neotoma stephensi
Ondatra zibethicus
Onychomys leucogaster

Table A.1. Continued.
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Common Name
big free-tailed bat
Brazilian free-tailed bat
pallid bat
pale Townsend's big-eared
bat
big brown bat
spotted bat
silver-haired bat
hoary bat
California myotis
western small-footed myotis
long-eared myotis
fringed myotis
long-legged myotis
Yuma myotis
canyon bat
masked shrew
Merriam's shrew
dusky shrew
swarf shrew
western water shrew
snowshoe hare
black-tailed jackrabbit
white-tailed jackrabbit
desert cottontail rabbit
Nuttall's cottontail rabbit
American pika
American beaver
long-tailed vole
montane vole
southern red-backed vole
white-throated wood rat
bushy-tailed wood rat
Mexican wood rat
southern plains wood rat
Stephen's wood rat
common muskrat
northern grasshopper mouse

Order
Rodentia
Rodentia
Rodentia
Rodentia
Rodentia
Rodentia
Rodentia
Rodentia
Rodentia
Rodentia
Rodentia
Rodentia
Rodentia
Rodentia
Rodentia
Rodentia
Rodentia

Family
Cricetidae
Cricetidae
Cricetidae
Cricetidae
Cricetidae
Cricetidae
Cricetidae
Cricetidae
Dipodidae
Dipodidae
Erethizontidae
Geomyidae
Geomyidae
Heteromyidae
Heteromyidae
Heteromyidae
Muridae

Scientific Name
Peromyscus boylii
Peromyscus crinitus
Peromyscus leucopus
Peromyscus maniculatus
Peromyscus nasutus
Peromyscus truei
Phenacomys intermedius
Reithrodontomys megalotis
Zapus hudsonius
Zapus princeps
Erethizon dorsatum
Thomomys bottae
Thomomys talpoides
Dipodomys ordii
Perognathus flavescens
Perognathus flavus
Mus musculus

Rodentia

Sciuridae

Callospermophilus lateralis

Rodentia

Sciuridae

Cynomys gunnisoni

Rodentia

Sciuridae

Ictidomys tridecemlineatus

Rodentia

Sciuridae

Rodentia

Sciuridae

Rodentia
Rodentia
Rodentia
Rodentia

Sciuridae
Sciuridae
Sciuridae
Sciuridae

Rodentia

Sciuridae

Marmota flaviventris
Otospermophilus
variegatus
Sciurus aberti
Tamias minimus
Tamias quadrivittatus
Tamiasciurus hudsonicus
Xerospermophilus
spilosoma

Table A.1. Continued.
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Common Name
brush mouse
canyon mouse
white-footed mouse
deer mouse
northern rock mouse
pinyon mouse
heather vole
western harvest mouse
meadow jumping mouse
western jumping mouse
common porcupine
Botta's pocket gopher
northern pocket gopher
Ord's kangaroo rat
plains pocket mouse
silky pocket mouse
house mouse
golden-mantled ground
squirrel
Gunnison's prairie dog
thirteen-lined ground
squirrel
yellow-bellied marmot
rock squirrel
Abert's squirrel
least chipmunk
Colorado chipmunk
red squirrel
spotted ground squirrel

Order
Accipitriformes
Accipitriformes
Accipitriformes
Accipitriformes
Accipitriformes
Accipitriformes
Accipitriformes
Accipitriformes
Accipitriformes
Accipitriformes
Accipitriformes
Accipitriformes
Accipitriformes
Accipitriformes
Accipitriformes
Accipitriformes
Anseriformes
Anseriformes
Anseriformes
Anseriformes
Anseriformes
Anseriformes
Anseriformes
Anseriformes
Anseriformes
Anseriformes
Anseriformes
Anseriformes
Anseriformes
Anseriformes
Anseriformes
Anseriformes

Family
Accipitridae
Accipitridae
Accipitridae
Accipitridae
Accipitridae
Accipitridae
Accipitridae
Accipitridae
Accipitridae
Accipitridae
Accipitridae
Accipitridae
Accipitridae
Accipitridae
Cathartidae
Pandionidae
Anatidae
Anatidae
Anatidae
Anatidae
Anatidae
Anatidae
Anatidae
Anatidae
Anatidae
Anatidae
Anatidae
Anatidae
Anatidae
Anatidae
Anatidae
Anatidae

Scientific Name
Accipiter cooperii
Accipiter gentilis
Accipiter striatus
Aquila chrysaetos
Buteo albonotatus
Buteo jamaicensis
Buteo lagopus
Buteo platypterus
Buteo regalis
Buteo swainsoni
Buteogallus anthracinus
Circus cyaneus
Haliaeetus leucocephalus
Ictinia mississippiensis
Cathartes aura
Pandion haliaetus
Aix sponsa
Anas acuta
Anas americana
Anas clypeata
Anas crecca
Anas cyanoptera
Anas discors
Anas platyrhynchos
Anas strepera
Aythya affinis
Aythya americana
Aythya collaris
Aythya valisineria
Branta canadensis
Bucephala albeola
Bucephala clangula

Anseriformes

Anatidae

Bucephala islandica

Anseriformes

Anatidae

Lophodytes cucullatus

Common Name
Cooper's hawk
northern goshawk
sharp-shinned hawk
golden eagle
zone-tailed hawk
red-tailed hawk
rough-legged hawk
broad-winged hawk
ferruginous hawk
Swainson's hawk
common black hawk
northern harrier
bald eagle
Mississippi kite
turkey vulture
osprey
wood duck
northern pintail
American wigeon duck
northern shoveler duck
green-winged teal duck
cinnamon teal duck
blue-winged teal duck
mallard duck
gadwall duck
lesser scaup duck
redhead duck
ring-necked duck
canvasback duck
Canada goose
bufflehead duck
common goldeneye duck
Barrow's goldeneye
duck
hooded merganser duck

Table A.2. List of expected birds generated through the New Mexico Department of Game and
Fish Biota Information System of New Mexico (BISON-M) for Rio Arriba County, New Mexico
(BISON-M 2016).
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Order
Anseriformes
Anseriformes
Apodiformes
Apodiformes
Apodiformes

Family
Anatidae
Anatidae
Apodidae
Apodidae
Apodidae

Scientific Name
Mergus merganser
Oxyura jamaicensis
Aeronautes saxatalis
Chaetura pelagica
Cypseloides niger

Apodiformes

Trochilidae

Archilochus alexandri

Apodiformes
Apodiformes
Apodiformes
Caprimulgiformes
Caprimulgiformes
Caprimulgiformes
Charadriiformes
Charadriiformes
Charadriiformes

Trochilidae
Trochilidae
Trochilidae
Caprimulgidae
Caprimulgidae
Caprimulgidae
Charadriidae
Charadriidae
Laridae

Charadriiformes
Charadriiformes
Charadriiformes
Charadriiformes
Charadriiformes
Charadriiformes
Charadriiformes
Charadriiformes
Charadriiformes
Charadriiformes
Charadriiformes
Charadriiformes
Columbiformes
Columbiformes
Coraciiformes
Cuculiformes
Cuculiformes
Falconiformes
Falconiformes
Falconiformes
Falconiformes

Eugenes fulgens
Selasphorus platycercus
Selasphorus rufus
Antrostomus arizonae
Chordeiles minor
Phalaenoptilus nuttallii
Charadrius montanus
Charadrius vociferus
Chlidonias niger
Chroicocephalus
Laridae
philadelphia
Laridae
Larus californicus
Laridae
Larus delawarensis
Laridae
Sternula antillarum
Recurvirostridae Recurvirostra americana
Scolopacidae
Actitis macularius
Scolopacidae
Bartramia longicauda
Scolopacidae
Calidris mauri
Scolopacidae
Calidris minutilla
Scolopacidae
Gallinago delicata
Scolopacidae
Numenius americanus
Scolopacidae
Phalaropus tricolor
Columbidae
Patagioenas fasciata
Columbidae
Zenaida macroura
Alcedinidae
Ceryle alcyon
Cuculidae
Coccyzus americanus
Cuculidae
Geococcyx californianus
Falconidae
Falco mexicanus
Falconidae
Falco peregrinus
Falconidae
Falco peregrinus tundrius
Falconidae
Falco sparverius

Table A.2. Continued.
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Common Name
common merganser duck
ruddy duck
white-throated swift
chimney swift
black swift
black-chinned
hummingbird
magnificent hummingbird
broad-tailed hummingbird
rufous hummingbird
Mexican whip-poor-will
common nighthawk
common poorwill
mountain plover
killdeer
black tern
Bonaparte's gull
California gull
ring-billed gull
least tern
American avocet
spotted sandpiper
upland sandpiper
western sandpiper
least sandpiper
Wilson's snipe
long-billed curlew
Wilson's phalarope
band-tailed pigeon
mourning dove
belted kingfisher
yellow-billed cuckoo
greater roadrunner
prairie falcon
peregrine falcon
arctic peregrine falcon
American kestrel

Order
Galliformes
Galliformes
Galliformes
Galliformes
Galliformes
Gaviformes
Gruiformes
Gruiformes
Gruiformes
Gruiformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes

Family
Odontophoridae
Odontophoridae
Phasianidae
Phasianidae
Phasianidae
Gavidae
Gruidae
Rallidae
Rallidae
Rallidae
Aegithalidae
Alaudidae
Bombycillidae
Bombycillidae
Cardinalidae
Cardinalidae
Cardinalidae
Cardinalidae
Cardinalidae
Cardinalidae
Cardinalidae
Cardinalidae
Certhiidae
Cinclidae
Corvidae
Corvidae
Corvidae
Corvidae
Corvidae

Passeriformes

Corvidae

Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes

Corvidae
Corvidae
Corvidae
Emberizidae
Emberizidae
Emberizidae

Scientific Name
Callipepla gambelii
Callipepla squamata
Dendragapus obscurus
Lagopus leucura
Meleagris gallopavo
Gavia immer
Grus canadensis
Fulica americana
Porzana carolina
Rallus limicola
Psaltriparus minimus
Eremophila alpestris
Bombycilla cedrorum
Bombycilla garrulus
Passerina amoena
Passerina caerulea
Passerina cyanea
Pheucticus melanocephalus
Piranga flava
Piranga ludoviciana
Piranga rubra
Spiza americana
Certhia americana
Cinclus mexicanus
Aphelocoma californica
Corvus brachyrhynchos
Corvus corax
Cyanocitta cristata
Cyanocitta stelleri
Gymnorhinus
cyanocephalus
Nucifraga columbiana
Perisoreus canadensis
Pica hudsonia
Ammodramus bairdii
Amphispiza bilineata
Artemisiospiza nevadensis

Table A.2. Continued.
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Common Name
Gambel's quail
scaled quail
dusky grouse
white-tailed ptarmigan
wild turkey
common loon
sandhill crane
American coot
sora
Virginia rail
bushtit
horned lark
cedar waxwing
bohemian waxwing
lazuli bunting
blue grosbeak
indigo bunting
black-headed grosbeak
hepatic tanager
western tanager
summer tanager
dickcissel
brown creeper
American dipper
western scrub jay
American crow
common raven
blue jay
Steller's jay
pinyon jay
Clark's nutcracker
gray jay
black-billed magpie
Baird's sparrow
black-throated sparrow
sagebrush sparrow

Order
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes

Family
Emberizidae
Emberizidae
Emberizidae
Emberizidae
Emberizidae
Emberizidae
Emberizidae

Passeriformes

Emberizidae

Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes

Emberizidae
Emberizidae
Emberizidae
Emberizidae
Emberizidae
Emberizidae
Fringillidae
Fringillidae
Fringillidae
Fringillidae
Fringillidae
Fringillidae
Fringillidae
Fringillidae
Fringillidae
Fringillidae
Hirundinidae
Hirundinidae
Hirundinidae
Hirundinidae

Passeriformes

Hirundinidae

Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes

Hirundinidae
Hirundinidae
Icteridae
Icteridae
Icteridae
Icteridae
Icteridae
Icteridae

Scientific Name
Calamospiza melanocorys
Chondestes grammacus
Junco hyemalis
Melospiza georgiana
Melospiza lincolnii
Melospiza melodia
Melozone fusca
Passerculus
sandwichensis
Pipilo chlorurus
Pipilo maculatus
Pooecetes gramineus
Spizella breweri
Spizella passerina
Zonotrichia leucophrys
Haemorhous cassinii
Haemorhous mexicanus
Hesperiphona vespertina
Leucosticte atrata
Leucosticte australis
Loxia curvirostra
Pinicola enucleator
Spinus pinus
Spinus psaltria
Spinus tristis
Hirundo rustica
Petrochelidon pyrrhonota
Progne subis
Riparia

Common Name
lark bunting
lark sparrow
dark-eyed junco
swamp sparrow
Lincoln's sparrow
song sparrow
canyon towhee
savannah sparrow

green-tailed towhee
spotted towhee
vesper sparrow
Brewer's sparrow
chipping sparrow
white-crowned sparrow
Cassin's finch
house finch
evening grosbeak
black rosy-finch
brown-capped rosy-finch
red crossbill
pine grosbeak
pine siskin
lesser goldfinch
American goldfinch
barn swallow
cliff swallow
purple martin
bank swallow
northern rough-winged
Stelgidopteryx serripennis
swallow
Tachycineta bicolor
tree swallow
Tachycineta thalassina
violet-green swallow
Agelaius phoeniceus
red-winged blackbird
Dolichonyx oryzivorus
bobolink
Euphagus carolinus
rusty blackbird
Euphagus cyanocephalus Brewer's blackbird
Icterus bullockii
Bullock's oriole
Icterus galbula
Baltimore oriole
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Order
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes

Family
Icteridae
Icteridae
Icteridae
Icteridae
Icteridae

Passeriformes

Icteridae

Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes

Laniidae
Laniidae
Mimidae
Mimidae
Mimidae
Mimidae
Mimidae
Motacillidae
Paridae
Paridae
Paridae
Parulidae
Parulidae
Parulidae
Parulidae
Parulidae
Parulidae
Parulidae
Parulidae
Parulidae
Parulidae
Parulidae
Parulidae
Parulidae
Parulidae
Parulidae
Parulidae
Passeridae
Polioptilidae
Regulidae
Regulidae

Scientific Name
Icterus parisorum
Molothrus ater
Quiscalus mexicanus
Quiscalus quiscula
Sturnella neglecta
Xanthocephalus
xanthocephalus
Lanius excubitor
Lanius ludovicianus
Dumetella carolinensis
Mimus polyglottos
Oreoscoptes montanus
Toxostoma bendirei
Toxostoma rufum
Anthus rubescens
Baeolophus ridgwayi
Poecile atricapillus
Poecile gambeli
Cardellina pusilla
Geothlypis tolmiei
Geothlypis trichas
Icteria virens
Leiothlypis celata
Leiothlypis virginiae
Parkesia noveboracensis
Seiurus aurocapilla
Setophaga americana
Setophaga citrina
Setophaga coronata
Setophaga graciae
Setophaga nigrescens
Setophaga palmarum
Setophaga petechia
Setophaga virens
Passer domesticus
Polioptila caerulea
Regulus calendula
Regulus satrapa
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Common Name
Scott's oriole
brown-headed cowbird
great-tailed grackle
common grackle
western meadowlark
yellow-headed blackbird
northern shrike
loggerhead shrike
gray catbird
northern mockingbird
sage thrasher
Bendire's thrasher
brown thrasher
American pipit
juniper titmouse
black-capped chickadee
mountain chickadee
Wilson's warbler
Macgillivray's warbler
common yellowthroat
yellow-breasted chat
orange-crowned warbler
Virginia's warbler
northern waterthrush
ovenbird
northern parula
hooded warbler
yellow-rumped warbler
Grace's warbler
black-throated gray warbler
palm warbler
yellow warbler
black-throated green warbler
house sparrow
blue-gray gnatcatcher
ruby-crowned kinglet
golden-crowned kinglet

Order
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes

Family
Sittidae
Sittidae
Sittidae
Troglodytidae
Troglodytidae
Troglodytidae
Troglodytidae
Troglodytidae
Troglodytidae
Turdidae
Turdidae
Turdidae
Turdidae
Turdidae
Turdidae
Turdidae
Tyrannidae
Tyrannidae
Tyrannidae
Tyrannidae
Tyrannidae
Tyrannidae

Scientific Name
Sitta canadensis
Sitta carolinensis
Sitta pygmaea
Catherpes mexicanus
Cistothorus palustris
Salpinctes obsoletus
Thryomanes bewickii
Troglodytes aedon
Troglodytes hiemalis
Catharus guttatus
Catharus ustulatus
Myadestes townsendi
Sialia currucoides
Sialia mexicana
Sialia sialis
Turdus migratorius
Contopus cooperi
Contopus sordidulus
Empidonax hammondii
Empidonax oberholseri
Empidonax occidentalis
Empidonax traillii

Passeriformes

Tyrannidae

Empidonax traillii

Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes

Tyrannidae
Tyrannidae
Tyrannidae
Tyrannidae
Tyrannidae
Tyrannidae
Tyrannidae
Tyrannidae
Vireonidae
Vireonidae
Vireonidae
Vireonidae
Vireonidae
Vireonidae

Empidonax wrightii
Myiarchus cinerascens
Sayornis nigricans
Sayornis phoebe
Sayornis saya
Tyrannus tyrannus
Tyrannus verticalis
Tyrannus vociferans
Vireo cassinii
Vireo gilvus
Vireo olivaceus
Vireo plumbeus
Vireo solitarius
Vireo vicinior
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Common Name
red-breasted nuthatch
white-breasted nuthatch
pygmy nuthatch
canyon wren
marsh wren
rock wren
Bewick's wren
house wren
winter wren
hermit thrush
Swainson's thrush
Rownsend's solitaire
mountain bluebird
western bluebird
eastern bluebird
American robin
olive-sided flycatcher
western wood pewee
Hammond's flycatcher
dusky flycatcher
cordilleran flycatcher
willow flycatcher
southwestern willow
flycatcher
gray flycatcher
ash-throated flycatcher
black phoebe
eastern phoebe
Say's phoebe
eastern kingbird
western kingbird
Cassin's kingbird
Cassin's vireo
warbling vireo
red-eyed vireo
plumbeous vireo
blue-headed vireo
gray vireo

Order
Pelecaniformes
Pelecaniformes
Pelecaniformes
Pelecaniformes

Family
Ardeidae
Ardeidae
Ardeidae
Ardeidae

Scientific Name
Ardea herodias
Botaurus lentiginosus
Egretta thula
Ixobrychus exilis

Pelecaniformes

Ardeidae

Nycticorax nycticorax

Pelecaniformes

Pelecanidae

Pelecaniformes
Pelecaniformes
Piciformes

Pelecanidae
Threskiornithinae
Picidae

Piciformes

Picidae

Piciformes

Picidae

Pelecanus
erythrorhynchos
Pelecanus occidentalis
Plegadis chihi
Colaptes auratus
Melanerpes
erythrocephalus
Melanerpes lewis

Piciformes

Picidae

Picoides dorsalis

Piciformes

Picidae

Picoides pubescens

Piciformes

Picidae

Picoides scalaris

Piciformes
Piciformes
Piciformes
Piciformes
Podicipediformes

Picidae
Picidae
Picidae
Picidae
Podicipedidae

Picoides villosus
Sphyrapicus nuchalis
Sphyrapicus thyroideus
Sphyrapicus varius
Aechmophorus clarkii
Aechmophorus
occidentalis
Podiceps auritus
Podiceps nigricollis
Podilymbus podiceps
Aegolius funereus
Asio otus
Athene cunicularia
Bubo virginianus
Glaucidium gnoma
Megascops kennicottii
Otus flammeolus
Strix occidentalis

Podicipediformes Podicipedidae
Podicipediformes
Podicipediformes
Podicipediformes
Strigiformes
Strigiformes
Strigiformes
Strigiformes
Strigiformes
Strigiformes
Strigiformes
Strigiformes

Podicipedidae
Podicipedidae
Podicipedidae
Strigidae
Strigidae
Strigidae
Strigidae
Strigidae
Strigidae
Strigidae
Strigidae

Suliformes

Phalacrocoracidae Phalacrocorax auritus
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Common Name
great blue heron
American bittern
snowy egret
least bittern
black-crowned nightheron
American white pelican
brown pelican
white-faced ibis
northern flicker
red-headed woodpecker
Lewis's woodpecker
American three-toed
woodpecker
downy woodpecker
ladder-backed
woodpecker
hairy woodpecker
red-naped sapsucker
Williamson's sapsucker
yellow-bellied sapsucker
Clark's grebe
western grebe
horned grebe
eared grebe
pied-billed grebe
boreal owl
long-eared owl
burrowing owl
great horned owl
northern pygmy owl
western screech-owl
flammulated owl
Mexican spotted owl
double-crested
cormorant

Scientific Name
Sceloporus tristichus
Chrysemys picta
Crotaphytus collaris
Holbrookia maculata
Phrynosoma modestum
Sceloporus graciosus
Phrynosoma hernandesi
Uta stansburiana
Urosaurus ornatus
Plestiodon multivirgatus
Aspidoscelis neomexicana
Aspidoscelis exsanguis
Aspidoscelis velox
Coluber flagellum
Pantherophis emoryi
Thamnophis cyrtopsis
Thamnophis sirtalis
Thamnophis elegans
Arizona elegans
Pituophis catenifer
Opheodrys vernalis
Heterodon nasicus
Lampropeltis triangulum
Salvadora grahamiae
Coluber taeniatus
Rena dissectus
Crotalus atrox
Crotalus viridis

Common Name
plateau fence lizard
western painted turtle
eastern collared lizard
common lesser earless lizard
round-tailed horned lizard
northern sagebrush lizard
Hernandez's short-horned lizard
common side-blotched lizard
northern tree lizard
many-lined skink
New Mexico whiptail
Chihuahuan spotted whiptail
plateau striped whiptail
coachwhip
great plains rat snake
black-necked gartersnake
New Mexico gartersnake
wandering gartersnake
glossy snake
gophersnake
smooth greensnake
plains hog-nosed snake
milk snake
mountain patchnose snake
desert striped whipsnake
Texas blind snake
western diamond-backed rattlesnake
prairie rattlesnake

Table A.3. List of expected reptiles generated through the New Mexico Department of Game and
Fish Biota Information System of New Mexico (BISON-M) for Rio Arriba County, New Mexico
(BISON-M 2016).
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Family
Cyprinidae
Cyprinidae
Cyprinidae
Cyprinidae
Cyprinidae
Cyprinidae
Cyprinidae
Catostomidae
Catostomidae
Catostomidae
Catostomidae
Catostomidae
Ictaluridae
Ictaluridae
Esociformes
Salmonidae
Salmonidae
Salmonidae
Salmonidae
Salmonidae
Salmonidae
Salmonidae
Fundulidae
Poecilidae
Cottidae
Centrarchidae
Centrarchidae
Centrarchidae
Centrarchidae
Centrarchidae
Percidae
Percidae

Scientific Name
Platygobio gracilis
Gila pandora
Gila robusta
Rhinichthys cataractae
Rhinichthys osculus
Pimephales promelas
Cyprinella lutrensis
Carpiodes carpio
Catostomus discobolus
Catostomus latipinnis
Catostomus plebeius
Catostomus commersoni
Ameiurus melas
Ictalurus punctatus
Esox lucius
Oncorhynchus nerka
Salvelinus fontinalis
Salmo trutta
Oncorhynchus clarkii virginalis
Oncorhynchus clarkii
Salvelinus namaycush
Oncorhynchus mykiss
Fundulus zebrinus
Gambusia affinis
Cottus bairdi
Micropterus salmoides
Micropterus dolomieui
Lepomis macrochirus
Pomoxis annularis
Lepomis cyanellus
Perca flavescens
Stizostedion vitreum

Common Name
flathead chub
Rio Grande chub
roundtail chub
longnose dace
speckled dace
fathead minnow
red shiner
river carpsucker
bluehead sucker
flannelmouth sucker
Rio Grande sucker
white sucker
black bullhead
channel catfish
northern pike
kokanee salmon
brook trout
brown trout
Rio Grande cutthroat trout
cutthroat trout
lake trout
rainbow trout
plains killifish
western mosquitofish
mottled sculpin
largemouth bass
smallmouth bass
bluegill
white crappie
green sunfish
yellow perch
walleye

Table A.4. List of expected fish generated through the New Mexico Department of Game and
Fish Biota Information System of New Mexico (BISON-M) for Rio Arriba County, New Mexico
(BISON-M 2016).
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Scientific Name
Anaxyrus boreas
Anaxyrus cognatus
Anaxyrus woodhousii
Pseudacris maculata
Lithobates catesbeianus
Lithobates pipiens
Lithobates blairi
Spea multiplicata
Spea bombifrons
Ambystoma mavortium
Plethodon neomexicanus

Common Name
boreal toad
great plains road
Woodhouse's toad
boreal chorus frog
bullfrog
northern leopard frog
plains leopard frog
New Mexico spadefoot
plains spadefoot
tiger salamander
Jemez Mountains salamander

Table A.5. List of expected amphibians generated through the New Mexico Department of Game
and Fish Biota Information System of New Mexico (BISON-M) for Rio Arriba County, New
Mexico (BISON-M 2016).
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APPENDIX B
PUEBLO ANIMAL USES AND MEANINGS

Use
Curing/medicine
Ceremonial paraphernalia
Dance regalia
Food
Offerings
Personal adornment
Secular
clothing/accessories
Tools
Toys
Weaponry

Use
code
C
CP
DR
F
O
PA
SC

Meaning

Meaning
code
Associations A
Clan
CL
Color
CO
Direction
D

T
TY
W

Table B.1. Codes used to document the known Pueblo uses and meanings of the species
identified in the Sapa’owingeh faunal assemblage. These uses and meanings were compiled
based on ethnographic studies.
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Reference
Curtis 1926b
Ford 1972b
Henderson and Harrington
1914
Hill and Lange 1982
Ortiz 1969
Parsons 1926
Parsons 1939
Roediger 1941
Tyler 1975
Tyler 1991

Code
A
B
C
D
E
F
G
H
I
J

Table B.2. Reference codes for ethnographically known animal uses and meanings.
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Common Name

Scientific Name

Known Uses

Reference

CP, F, SC, T

Known
Meanings
A

hare

Lepus sp.

cottontail

Sylvilagus sp.

CP, F, O, SC, T

A

D, I

vole

Microtus sp.

southern red-backed vole

Myodes gapperi

common muskrat

Ondatra zibethicus

pack rat

Neotoma sp.

northern grasshopper
mouse
deermice

Onychomys leucogaster

Gunnison's prairie dog

Cynomys gunnisoni

yellow-bellied marmot

Marmota flaviventris

rock squirrel

D, I

F, O

D

Otospermophilus variegatus

F, TY

C, D

Abert's squirrel

Scurius aberti

F, TY

C, D

American beaver

Castor canadensis

DR, F, SC

C, D

Botta's pocket gopher

Thomomys bottae

northern pocket gopher

Thomomys talpoides

Ord's kangaroo rat

Dipodomys ordii

North American
porcupine
domestic dog

Erethizon dorsatum

PA, T

D

coyote

Canis latrans

DR

A

E, I

wolf

Canis lupus

T

D

D, E, I

red fox

Vulpes vulpes

DR

American black bear

Ursus americanus

A, CL, D

A, D, F, I

Brown bear

Ursus arctos

C, CP, DR, F, PA,
SC
C, CP, DR, F, PA,
SC

A, CL, D

A, D, F, I

wolverine

Gulo gulo

American marten

Martes americana

C, SC

CL

C, D, G

stoat

Mustela erminea

C, SC

long-tailed weasel

Mustela frenata

C, SC

A

D, E, G

American badger

Taxidea taxus

C, F, CP

A, CL, D

G, 1962, I

bobcat

Lynx rufus

C, DR, F, SC, T

D, G, I

elk

Cervus elaphus

DR, F, SC, T

D, I

Peromyscus sp.

Canis familiaris

D, E, H, I

D, G

Table B.3. Fauna identified in the Sapa’owingeh assemblage and their ethnographically known
uses and meanings. In instances where the ethnographies did not discuss an identified animal, no
code was assigned. Sometimes, ethnographies discussed animals at a higher taxonomic level and
the characteristics and uses listed were extrapolated to the species level when appropriate.
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Common Name

Scientific Name

Known Uses

Reference

CP, DR, F, SC, T

Known
Meanings
A, CL

mule deer

Odocoileus hemionus

white-tailed deer

Odocoileus virginianus

CP, DR, F, SC, T

A, CL

D, I

pronghorn

Antilocapra americana

DR, F, SC, T

A, CL

C, D, I

American bison

Bison bison

DR, F, SC, T, W

bighorn sheep

Ovis canadensis

CP, DR, F, SC, T

scaled quail

Callipepla squamata

DR, F, W

C, D

Montezuma quail

Cyrtonyx montezumae

DR, F, W

C, D

greater sage-grouse

Centrocercus urophasianus

CP, DR, F, W

C, D

dusky grouse

Dendragopus obscurus

CP, DR, F, W

C, D

lesser prairie chicken

Tympanuchus pallidicinctus

DR, F, W

C, D

sharp-tailed grouse

Tympanuchus phasianellus

DR, F, W

C, D

wild turkey

Meleagris gallopavo

CP, DR, F, SC, W

A

C, D, J

green-winged teal

Anas carolinensis

CP, F, W

A

D, E, J

mallard

Anas platyrhynchos

CP, F, W

A

D, E, J

gadwall

Anas strepera

CP, F, W

A

D, E, J

snow goose

Chen caerulescens

F, W

D, E

common merganser

Mergus merganser

F

E

common nighthawk

Chordeiles minor

A

J

mourning dove

Zenaida macroura

F

A

C, D, J

sandhill crane

Grus canadensis

F, W

A, CL

D, J

American coot

Fulica americana

upland sandpiper

Bartramia longicauda

Cooper's hawk

Accipiter cooperii

northern goshawk

Accipiter gentilis

golden eagle

Aquila chrysaetos

C, CP, DR, W

A, D

D, I, J

red-tailed hawk

Buteo jamaicensis

DR, W

A

D, J

rough-legged buzzard

Buteo lagopus

ferruginous hawk

Buteo regalis

Swainson's hawk

Buteo swainsoni

hen harrier

Circus cyaneus

A

J

bald eagle

Haliaeetus leucocephalus

C, CP, DR, W

A, D

C, D, I, J

turkey vulture

Cathartes aura

CP, W

A

D, J

burrowing owl

Athene cunicularia

A

D, G, J

great horned owl

Bubo virginianus

A

D, G, J

northern flicker

Colaptes auratus

CP

A, O

G, J

Lewis's woodpecker

Melanerpes lewis

CP

A, O

G, J

prairie falcon

Falco mexicanus

O

A

D, J

peregrine falcon

Falco peregrinus

O

A

D, J

C, D, I
CL

CP, W

Table B.3. Continued.
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D, I

D, I

D, J

Common Name

Scientific Name

Known Uses

Reference

CP, O, W

Known
Meanings
A

American kestrel

Falco sparverius

horned lark

Eremophila alpestris

CP, F

A

D, J

California scrub jay

Aphelocoma californica

DR, F

common raven

Corvus corax

DR

A

J

Steller's jay

Cyanocitta stelleri

DR, F

D, O

D, J

pinyon jay

DR, F

A, O

D, J

black-billed magpie

Gymnorhinus
cyanocephalus
Pica hudsonia

DR

A

D, J

New World orioles

Icterus sp.

CP, F

A

D, J

American robin

Turdus migratorius

F

D

painted turtle

Chrysemys picta

DR

B, C

trouts

Onchorynchus sp.

F

D

cone sea snails

Conus sp.

PA

C

Table B.3. Continued.
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D, J
D

APPENDIX C
FAUNAL DATA COLLECTION PROTOCOL

Each specimen should be entered on a single line, even if they refit. Refits should be described
under the Other column. The only time specimens should be combined is if the breakage can be
reliably identified as bagwear.

Analyst: 3 initials of analyst
Analysis date: Date of analysis in MM/DD/YY format
Box #
Bag #
Catalog #
Plaza:
A
B
C
D
E
F
G
S ext

Unit: Should include Plaza and Plaza quad designation, e.g., “A Dividing Room 16” should be
entered as Adiv16; “D north extension 11E” entered as DNE11E or DX11E (depending upon
how the excavator labeled it)
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Level: Level #
Depth (”): Enter depth range for level if known. Point provenience depths should be entered
under Other provenience
Unit type:
Plaza
Room
Kiva
Trench
Portico
Context:
Surface
Fill
Floor
Floor fill
Subfloor
Firepit
Foot drum
Burial
Cache
Other provenience: Any specified provenience that does not fall into the other provenience
fields (e.g., triangulations, specific depths, found in pot, etc.)
Excavator: List student excavators by last name, separate by commas. Separate team names
when possible (e.g., “Slochs” should be entered as “Slade, Ochs”)
Day: Date of excavation
Month: Month of excavation
Year: Year of excavation
Taxon: Specific taxonomic id of specimen
Use standardized nomenclature (www.itis.gov and www.zoobank.org)
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A note on open nomenclature: If the genus level ID is secure but species is not, use “?”
(i.e., Meleagris gallopavo?) and be explicit how this identification was made under ID
basis.
Specimens that can only be labeled to genus level and could be a number of species
should be coded as Genus spp. and explained under ID basis
Non-Linnaen categories, such as “medium mammal,” require a systematic paleontology
Element: Code for element ID. If the specimen is a portion that contains teeth as well, teeth
must be listed in the Other column. For instance, if you have a mandible with two teeth you
enter it as “Mant.” In the Other column you enter the codes for the teeth that are present.
Side: Code for element side
ID basis: Narrative describing basis for taxonomic ID; Include citations as appropriate
BZ1-12: Record present (P) or absent (A) for the bone zones present in the specimen. A zone
should only be recorded as present if more than 50% is present to prevent recording the same
bone twice. If a zone is not applicable to the element, enter “N/A.”
Cultural taphonomy, Loci, and Cultural characteristic: There are multiple columns for
recording cultural damage because a bone may have cutmarks (or other kinds of damage) in
several different places. Damage that is in close proximity (<.50 cm) is recorded as a single
act/event. Damage located further apart on the bone is recorded as a separate event.
Cultural taphonomy: Code for cultural modification
CT Loci: The BZ# for where the modification is located. If it is on multiple zones, list
the zones separated by a common (e.g., 1, 2, 3).
CT characteristic: Code for orientation on the bone and to other marks within the single
event.
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Noncultural taphonomy and NT Loci: Same as for Cultural taphonomy
Pathology and PathLoci
Pathology: Code for the identified palaeopathology. Enter “N/A” if none present.
PathLoci: The BZ# for the pathology identified. If it is on multiple zones, list the zones
separated by a common (e.g., 1, 2, 3).
PathNotes: Additional descriptions and notes about the identified pathology
Age: Age estimate of specimen
Evidence: Characteristic that was used to estimate age
Measurements: All measurements should be in millimeters (mm) and to the nearest hundredth.
Skeletally immature and incomplete specimens should not be measured. Burnt bone should not
be measured because dimensions are altered by heat (Driesch 1976). If the measurement cannot
be recorded, enter “N/A.”
GL: greatest length (Cohen and Serjeantson 1996; Driesch 1976)
PB: proximal breadth
DB: distal breadth
MD: mandibular depth
AL: alveolar length
Weight: Record weight to nearest hundredth in grams (g).
Notes: Use this for comments that are not covered by the codes
Photographs: Only photograph interesting modifications and bone tools. Information for
photography is entered in the photo log.
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APPENDIX D
DATA COLLECTION CODES

Element
Alisphenoid
Alveolar bone
Angular
Angular process (mandible)
Antler
Articular
Auditory bullae
Auditory meatus
Basioccipital
Basisphenoid
Cornoid process (mandible)
Cranium complete
Cranium frag undiagnostic
Cranium half incomplete
Ethmoid
Frontal
Horn (detached)
Horn core
Interparietal
Jugal (mid zygomatic arch)
Lacrimal
Mandible (complete)
Mandible (demi with teeth)
Mandible (dmi/half no teeth)
Mandible (fra no teeth)
Mandible (frag with teeth)

Table D.1. Codes for cranial elements.
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Code
Alsp
Alv
Angu
Mana
Ant
Arti
Aub
Aum
Baso
Bsph
Manp
Crac
Cra
Crahi
Eth
Fro
Hrn
Hrnc
Ipr
Jug
Lac
Manc
Mant
Manf
Man
Manft

Element
Mandibular condyle
Mastoid process
Maxilla (demi no teeth)
Maxilla (demi with teeth)
Maxilla (frag no teeth)
Maxilla (frag with teeth)
Nasal
Nasal turbinate
Occipital condyles
Occiput
Opisthotic
Orbit
Palate
Parietal
Periotic
Postorbital process
Premaxilla
Presphenoid
Pterygoid
Pterygoid process
Quadrate
Ramus (mandible)
Splenial
Squamosal
Surangular
Supraoccipital
Supraorbital process
Temporal
Tympanic ring
Vomer
Zygomatic arch (maxillar arm)
Zygomatirc arch (squamosal
arm)
Malleus
Incus
Table D.1. Continued.
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Code
Mancy
Mast
Maxf
Maxt
Max
Maxft
Nas
Nast
Occy
Occ
Opi
Orb
Pal
Par
Per
Porb
Prem
Pres
Ptg
Ptgy
Qua
Ram
Sple
Squ
Sura
Socc
Sppr
Tem
Tem
Vom
Zygm
Zygs
Mall
Incu

Element
Canine (unknown)
Deciduous incisor (unknown)
Deciduous canine
Deciduous premolar
Lower deciduous incisor (unknown)
Lower deciduous incisor (# if known)
Lower deciduous premolar
(unknown)
Lower deciduous premolar (# if
known)
Lower canine
Lower incisor
Lower premolar (unknown)
Lower premolar (# if known)
Lower molar (unknown)
Lower molar (# if known)
Upper deciduous incisor (unknown)
Upper deciduous incisor (# if known)
Upper deciduous canine
Upper deciduous premolar
(unknown)
Upper deciduous premolar (# if
known)
Upper incisor (unknown)
Upper incisor (# if known)
Upper canine
Upper premolar (unknown)
Upper premolar (# if known)
Upper molar (unknown)
Upper molar (# if known)
Tooth fragment (unknown)
Molar fragment (unknown)
Premolar fragment (unknown)
Incisor fragment
Lower incisor fragment
Unknown tooth (complete)
Unknown molar (complete)

Table D.2. Codes for dental elements.
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Code
C
DI
Dc
Dp
Ldi
Ldi#
Ldpm
Ldpm#
Lc
Li
Lpm
Lpm#
Lm
Lm#
Udi
Udi#
Udc
Udpm
Udpm#
Ui
Ui#
Uc
Upm
Upm#
Um
Um#
Tth
M
Pm
I
Lif
Unkt
Unkm

Element
Rib (unknown)
Rib (# if known)
Rib head detached
Rib plus attached head/neck
Rib plus head, neck, angle
Rib, angle, no head, no shaft
Rib, ventral shaft end below angle
Rib shaft only
Sternal/false rib
Acetabulum (detached)
Hyoid
Stylohyoid
Atlas
Axis
Cervical (unknown)
Cervical (# if known)
Thoracic (unknown)
Thoracic (# if known)
Lumbar (unknown)
Lumbar (# if known)
Centrum (indeterminate)
Cervical centrum
Thoracic centrum
Lumbar centrum
Cervical centrum anterior articular process (detached)
Cervical centrum posterior articular process
(detached)
Thoracic centrum anterior articular process (detached)
Thoracic centrum posterior articular process
(detached)
Lumbar centrum anterior articular process (detached)
Lumbar centrum posterior articular process (detached)
Unknown vertebra anterior articular process
(detached)
Unknown vertebra posterior articular process
(detached)
Unknown vertebra articular process (detached)
Cervical vert transverse spine
Table D.3. Codes for axial elements.
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Code
Rib
Rib#
Ribh
Ribn
Ribc
Riba
Ribv
Ribs
Srib
Ace
Hyo
Shyo
Atl
Axi
Cv
Cv#
Tv
Tv#
Lv
Lv#
Cen
Cvc
Tvc
Lvc
Ccap
Ccpp
Tcap
Tcpp
Lcap
Lcpp
Ucap
Ucpp
Ucup
Cvts

Element
Cervical vert spinous process
Thoracic vert spinous process
Thoracic vert rib facet
Thoracic vert transverse process
Lumbar vert transverse process
Lumbar vert spinous process
Caudal (unknown)
Caudal (# if known)
Vertebrae fragment (unknown)
Sternum
Manubrium
Pubis
Ilium
Ischium
Ischial tuberosity
Innominate fragment (unknown)
Innominate (half of pelvis)
Sacrum
Sternabrae (unknown)
Sternabrae (# if known)
Xiphoid
Sacral vertebra
Coccygeal vertebra
Baculum

Code
Cvs
Tvs
Tvr
Tvts
Lvts
Lvs
Cau
Cau#
Vert
Ster
Mab
Pub
Ili
Isch
Ischt
Inn
Innh
Sac
Stb
Stb#
Xph
Sacv
Ccv
Bac

Table D.3. Continued.
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Element
Clavicle
Proximal femur
Femur
Femur head (detached)
Distal femur
Proximal tibia
Tibia
Tibia shaft
Distal tibia
Fibula
Fused tibia and fibula
Tarsal (unknown)
Astragalus
Calcaneus
Cuboid
Naviculocuboid
Navicular
Lateral cuneiform
Intermediate cuneiform
Medial cuneiform
Proximal metatarsal
Metatarsal
Metatarsal shaft
Distal metatarsal
Phalange (unknown)
Phalange (# if known)
Terminal/distal/ungual
phalanx
Radiale
Ulnae
Patella
Sesamoid
Scapula
Scapula blade (no glenoid)
Glenoid cavity only
(detached)
Proximal humerus

Table D.4. Codes for appendicular elements.
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Code
Clv
Pfem
Fem
Femh
Dfem
Ptib
Tib
Tibsh
Dtib
Fib
Tibfib
Tars
Ast
Cal
Cub
Nvc
Nv
Lcun
Icun
Mcun
Pmtm
Mtm
Mtms
Dmtm
Phaa
Pha#
Phat
Brad
Buln
Pat
Ses
Sca
Scab
Glen
Phum

Element
Humerus
Distal humerus
Humerus shaft (only)
Humerus head (detached)
Proximal radius
Radius
Distal radius
Radius shaft (only)
Proximal ulna
Ulna shaft (only)
Ulna
Distal ulna
Fused radius and ulna
Carpal (unknown)
Lunate
Scaphoid
Scapholunate
Magnum
Unciform
Cuneiform/Triquetrum
Trapezoid
Proximal Metacarpal
Metacarpal
Metacarpal shaft
Distal metacarpal
Proximal metapodial
Metapodial shaft
Distal metapodial
Metapodial
Pisiform
Lateral malleolus

Table D.4. Continued.
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Code
Hum
Dhum
Hums
Humh
Prad
Rad
Drad
Rads
Puln
Ulns
Uln
Duln
Raduln
Carp
Luna
Scaph
Scapl
Magn
Unci
Cune
Trap
Pmcm
Mcm
Mcms
Dmcm
Pmtp
Mtps
Dmtp
Mtp
Pisi
Lmal

Term
Articular
surface
Long bone
shaft
Not identifiable

Code
Arts
Lbn
NID

Table D.5. Code for less identifiable elements.

Element
Carpometacarpus
Coracoid
Dentary
Furcula
Fused thoracic vertebrae (# if
known)
Pelvis
Pollex
Pygostyle
Sclerotic ring
Synsacrum
Tarsometatarsus
Tendinal splints
Tibiotarsus
Uncinate process
Quadratojugal
Ceratobranchial
Plastron frag
Carapace frag
Plastron complete
Carapace complete
Table D.6. Codes for non-mammalian elements.
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Code
Cpm
Cora
Dent
Fur
Ftv####
Pelv
Poll
Pygo
Sclr
Syn
Taro
Tens
Tibt
Quaj
Cerb
Plas
Cara
Plasc
Carac

Side
Left
Right
Left and right
fused
Unknown
Does not apply

Code
L
R
LR
U
N/A

Table D.7. Codes for siding.
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Taphonomy
Cutmark isolated
Cutmark more than 1
Hack isolated
Hack more than 1
Chop isolated (shear fracture)
Chop more than 1
Burnt (partially)
Carbonized (partially)
Calcined (partially)
Burnt (completely)
Carbonized (completely)
Calcined (completely)
Carbonized/calcined (partially)
Carbonized/calcined (completely)
Burnt (very small amount <1/2
bone)
Impact mark/scar
Tiered flakes
Flake scar
Bipolar damage
Bone tube/cylinder
Incision other
Spiral fracture
Fracture (general)
Chewing
Score and snap
Score
Use wear
Striations
Ground
Paint
Tooth scoring
Reamed
Polish
Drilled
Table D.8. Codes for cultural taphonomy.
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Code
Cm
Cm#
Hck
Hck#
Ch
Ch#
Burn1
Burn2
Burn3
Burn4
Burn5
Burn6
Burn7
Burn8
Burn9
Imp
Trfl
Flsc
Bidm
Tube
Inc
Spf
Frac
Chw
Scsn
Sco
Use
Stri
Grou
Pai
Tscr
Ream
Cpol
Dril

Mark orientation
Angled
Angled and not parallel
Angled and parallel
Longitudinal
Longitudinal and not
parallel
Longitudinal and parallel
Sagittal
Sagittal and not parallel
Sagittal and parallel
Transverse
Transverse and not parallel
Transverse and parallel
Coronal
Coronal and parallel
Coronal and not parallel

Code
Ang
Angn
Angp
Long
Longn
Longp
Sa
San
Sap
Tr
Trn
Trp
Cor
Corp
Corn

Table D.9. Codes for taphonomy orientation.

Taphonomy
Crushed unknown cause
Gnawmarks carnivore
Gnawmarks rodent
Polished
Root etching
Scatological bone
Scratches (unknown)
Stained
Tooth puncture >1
Tooth puncture isolated
Toothmark >1
Toothmark isolated
Toothpits
Table D.10. Codes for noncultural taphonomy.
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Code
Crusho
Gnc
Gnr
Poli
Root
Scat
Scrt
Stain
Toothp#
Toothp
Tooth#
Tooth
Toothpit

W#

Description

0

Greasy, no cracking or flaking, perhaps with skin or ligament/soft tissue attached
(marrow edible, bone still moist.)
Cracking parallel to fiber structure (longitudinal;) articular surfaces perhaps with
mosaic cracking of covering tissue and bone (split lines begin to form, low moisture,
marrow sours and is inebible.)
Flaking of outer surface (exfoliation,) cracks are present, crack edge is angular
(marrow decays, split lines well developed.)
Rough, homogenously altered compact bone resulting in fibrous texture. Weathering
penetrates 1 - 1.5 mm maximum; crack edges are rounded.
Coarsely fibrous and rough surface; splinters of bone loose on surface, with
weathering penetrating inner cavities; open cracks.
Bone falling apart in situ, large splinters present, bone material very fragile.

1

2
3
4
5

Table D.11. Codes for weathering on medium and large animal elements.

W#

Description

0
1

No modification.
Slight splitting of bone parallel to fibre structure; chipping of teeth and splitting
of dentine.
More extensive splitting, but little flaking. Chipping and splitting of teeth
leading to loss of parts of crown.
Deep splitting and some loss of deep segments or "flakes" between splits;
extensive splitting of teeth.

2
3

Table D.12. Codes for weathering on small animal elements.
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Pathology
Abscess
Alveolar resorption
Ankylosis (bone fusion)
Arthrotic grooving
Arthrotic lipping
Arthrotic polish (eburnation)
Bone erosion
Crooked keel
Dental caries
Dental enamel hypoplasia
Dental wear
Exostoses
Harris lines
Healed fracture
Healed fracture with
dislocation
Perforation
Pitting
Porous
Tooth fracture
Warped

Code
Abc
Ralv
Anky
Gart
Lart
Part
Bero
Crke
Cden
DEH
Wden
Exos
Harr
Frac
Dfra
Perf
Pitt
Poro
Tfra
Warp

Table D.13. Codes for animal pathologies.

Age
Juvenile
Adult
Unknown
Old
Possible
infant/neonate

Code
Juv
Ad
Unk
Old
Neo

Table D.14. Codes for mammal age estimates.
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Turkey Age
Juvenile
Immature
Young Adult
Adult
Old adult

Code
Juv
Imm
Yad
Ad
Old

Table D.15. Codes for turkey age estimates.

Evidence
Complete cortical
bone
Degeneration
Dentition erupting
Dentition unworn
Dentition worn
Fused bones
Incomplete cortical
bone
Unfused bones
Woven bone

Table D.16. Codes for age estimate evidence.
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Code
Coco
Deg
Der
Dun
Dwn
Fus
Unclco
Unf
Wov

APPENDIX E
MEAN CERAMIC DATING RAW DATA

Provenience Source Context Dating Santa
Sample Fe
Size
B/w

Wiyo Undiff Biscuit
Biscuit A

Biscuit
B

Biscuit
C

Sankawi
B/c

A30
A33
A34
A34
A38
A38
A39
A39
A41
A44
A44
A45
A50
A51
A52
A54
A55
A55
A57
A61
Adiv16
Adiv27
Adiv27
Adiv8
AE1

3
3
0
7
0
0
0
0
4
3
3
1
0
0
0
0
0
3
0
1
2
0
0
4
1

361
15
6
76
0
9
2
32
21
24
116
124
0
135
25
77
26
105
14
23
1355
145
2096
667
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
132
13
39
15
0

11
5
11
79
0
53
22
22
7
3
9
52
0
14
56
177
6
103
5
7
5
0
0
4
0

Burger
Burger
Burger
Burger
Duwe
Duwe
Duwe
Duwe
Burger
Burger
Burger
Burger
Duwe
Burger
Burger
Burger
Burger
Burger
Burger
Burger
Burger
Burger
Burger
Burger
Duwe

Fill
Fill
Floor
Fill
Floor
Fill
Floor
Fill
Fill
Floor
Fill
Fill
Fill
Fill
Fill
Fill
Floor
Fill
Fill
Fill
Fill
Floor
Fill
Fill
Floor

432
41
29
206
0
68
25
63
49
42
176
250
0
167
95
254
37
348
26
39
1914
176
2426
888
3

0
0
0
0
0
0
0
0
0
0
0
2
0
0
0
0
0
0
0
0
0
0
0
0
0

30
0
0
1
0
2
0
0
0
0
4
0
0
0
0
1
0
0
1
6
132
6
83
17
0

57
18
12
44
0
6
1
9
17
12
48
71
0
18
14
0
5
137
7
8
552
31
330
213
2

Table E.1. Ceramic counts by context used to calculate mean ceramic dates (MCD) for the
current project. “Burger” data are new identifications. “Duwe” data are identifications done
under Duwe for Eiselt and Darling (2013). Only the data necessary for calculating MCD is
presented here.
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Provenience Source Context Dating Santa
Sample Fe
Size
B/w

Wiyo Undiff Biscuit
Biscuit A

Biscuit
B

Biscuit
C

Sankawi
B/c

AE1
AE3
AE3
AE5
AE5
AE6
AE6
AE7
AE7
AE-T1
(trench)
AE-T1a
AE-T1-B
AET1c
AN1
AN1
AN3
AN3
AN4
AN4
AN5
AN5
AN9
Area A49
North
AS13
AS13
AS14
AS18
AS3
AS4
AS4
AS5
AS5
AS7
AS7
AS8
AS8
AW1
AW2
AW2
AW60
AW60
AW61

Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Burger

Fill
Floor
Fill
Floor
Fill
Floor
Fill
Floor
Fill
Fill

160
38
615
42
320
92
457
169
605
152

0
0
0
0
0
0
0
0
0
0

1
2
4
0
0
0
0
0
0
1

2
2
12
2
15
22
87
13
59
9

80
8
289
19
95
20
122
18
140
63

79
28
319
21
174
72
328
88
370
84

14
0
11
1
11
5
115
0
25
0

0
0
3
2
51
0
7
63
95
4

Burger
Burger
Burger
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Burger
Duwe

Fill
Fill
Fill
Floor
Fill
Floor
Fill
Floor
Fill
Floor
Fill
Fill
Fill

216
143
273
3
39
12
214
20
269
20
356
171
24

0
1
0
0
0
0
0
0
0
0
0
1
0

0
0
0
0
0
0
1
0
2
0
0
0
0

6
6
5
0
2
0
1
0
3
6
51
8
0

129
34
77
2
21
4
113
2
96
5
103
85
16

87
103
179
1
16
7
95
18
148
15
251
83
5

5
0
3
1
2
3
21
2
23
0
13
10
0

0
5
17
0
2
1
5
0
23
0
2
2
3

Burger
Burger
Burger
Burger
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Burger
Burger
Burger
Duwe
Duwe
Duwe

Floor
Fill
Fill
Fill
Fill
Floor
Fill
Floor
Fill
Floor
Fill
Floor
Fill
Fill
Floor
Fill
Floor
Fill
Floor

49
295
406
219
508
6
84
1
36
1
201
1
86
313
158
231
702
702
17

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
1
0
0
0

0
13
5
28
21
3
12
0
0
0
2
0
1
12
1
4
8
8
4

14
155
227
117
256
0
26
0
13
0
119
1
37
49
2
28
118
118
3

35
138
154
95
251
6
56
1
18
1
73
0
45
244
61
104
574
574
14

0
3
42
46
5
2
11
0
0
0
0
0
0
24
6
13
31
31
0

0
2
25
7
1
0
2
0
5
0
9
0
4
19
95
98
10
10
0
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Provenience Source Context Dating Santa
Sample Fe
Size
B/w

Wiyo Undiff Biscuit
Biscuit A

Biscuit
B

Biscuit
C

Sankawi
B/c

AW61
AW62
AW62
AW63
AW63
AW72
BE1
BE1
BE10
BE17
BE17
BE2
BE2
BE3
BE3
BE4
BE4
BE5
BE5
BN1
BN1
BN2
BN2
BN3
BS1
BS1
BS2
BS2
BS3
BS3
BS4
BS4
BW1
BW1
BW10
BW10
BW11
BW11
BW13
BW13
BW14
BW16

0
0
0
0
0
0
0
0
0
0
0
1
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
2
0
0
0
0
0
0
0
0
0
0

14
4
4
196
196
21
32
128
86
10
76
18
137
149
382
21
21
1
1
18
125
11
111
16
9
199
19
101
26
121
15
200
28
60
9
57
35
54
390
488
1
25

0
0
0
24
24
0
4
32
0
0
2
4
31
21
91
0
0
0
0
4
16
1
7
1
0
6
4
10
11
16
1
33
0
1
0
0
0
0
17
26
0
2

0
0
0
4
4
0
1
12
2
4
8
0
2
2
37
0
0
1
1
0
3
0
1
0
0
0
0
2
1
2
0
4
0
8
0
0
0
0
2
7
0
0

Duwe
Duwe
Duwe
Duwe
Duwe
Burger
Duwe
Duwe
Burger
Burger
Burger
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe

Fill
Floor
Fill
Floor
Fill
Fill
Floor
Fill
Floor
Floor
Fill
Floor
Fill
Floor
Fill
Floor
Fill
Floor
Fill
Floor
Fill
Floor
Fill
Fill
Floor
Fill
Floor
Fill
Floor
Fill
Floor
Fill
Floor
Fill
Floor
Fill
Floor
Fill
Floor
Fill
Fill
Fill

17
6
6
250
250
40
60
245
91
34
148
40
253
175
530
25
25
5
5
21
157
12
146
25
14
287
24
131
46
177
56
297
37
89
23
78
54
105
501
627
2
41

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

4
0
0
16
16
3
0
3
2
1
14
0
3
0
11
3
3
0
0
7
38
0
2
3
0
27
2
4
1
4
0
15
0
0
0
0
0
0
0
0
0
0
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3
2
2
50
50
19
27
105
3
20
64
21
113
24
111
4
4
3
3
3
29
1
34
9
5
88
5
28
19
54
41
91
9
21
14
21
19
51
109
132
1
16

Provenience Source Context Dating Santa
Sample Fe
Size
B/w

Wiyo Undiff Biscuit
Biscuit A

Biscuit
B

Biscuit
C

Sankawi
B/c

BW17
BW18
BW18
BW19
BW2
BW2
BW20
BW20
BW21
BW21
BW22
BW22
BW23
BW23
BW25
BW25
BW27
BW27
BW28
BW28
BW3
BW3
BW4
BW4
BW5
BW5
BW6
BW7
BW8
BW8
BW9
BW9
CE26
CN13
CN9
CS1
CS1
CS2
CS2
CS3
CS3
CS4

1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
2
2
0
1
1

82
33
94
13
19
52
119
119
1
56
7
21
29
106
20
75
17
54
57
130
29
70
7
14
3
93
27
94
31
144
21
38
23
67
36
0
109
1
29
4
35
14

4
31
49
0
0
1
2
2
0
7
2
4
2
11
1
4
0
2
1
2
0
3
1
1
0
0
3
0
0
1
4
10
1
0
0
0
52
0
2
3
11
0

0
37
61
0
8
8
0
0
0
0
0
0
2
4
0
0
1
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
8
0
0
0
8
1
4
2
5
1

Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Burger
Duwe
Duwe
Duwe
Duwe
Duwe
Burger
Burger
Burger
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe

Fill
Floor
Fill
Fill
Floor
Fill
Floor
Fill
Floor
Fill
Floor
Fill
Floor
Fill
Floor
Fill
Floor
Fill
Floor
Fill
Floor
Fill
Floor
Fill
Floor
Fill
Fill
Fill
Floor
Fill
Floor
Fill
Fill
Fill
Fill
Floor
Fill
Floor
Fill
Floor
Fill
Floor

118
95
207
19
57
103
145
145
3
90
10
40
43
142
25
104
22
69
70
188
42
91
12
30
4
116
67
179
35
198
40
75
64
129
48
0
240
28
130
26
101
58

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
1
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
20
0
2
0
10
1
11
2
6
17
23
0
0
0
0
0
0
0
0
0
0
0
0
1
5
3
0
5
0
1
0
4
2
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35
25
52
6
30
43
26
26
2
34
3
19
12
32
5
29
4
14
13
58
13
21
5
16
1
23
40
85
4
54
19
37
32
60
12
0
123
24
95
20
60
42

Provenience Source Context Dating Santa
Sample Fe
Size
B/w

Wiyo Undiff Biscuit
Biscuit A

Biscuit
B

Biscuit
C

Sankawi
B/c

CS4
CS5
CS5
CW1
CW1
CW12
CW12
CW13
CW13
CW2
CW2
CW3
CW3
CW4
CW4
CW7
CW7
D1
D1
D10
D11
D13
D16E
D16E
D3
D4
D5
D6
DE 32-3334 Trench 2
DE10
DE10
DE11
DE11
DE12
DE12
DE14
DE14
DE25
DE25
DE3
DE34
DE34

Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Burger
Burger
Burger
Burger
Burger
Burger
Burger
Burger
Burger
Burger
Burger
Duwe

Fill
Floor
Fill
Floor
Fill
Floor
Fill
Floor
Fill
Floor
Fill
Floor
Fill
Floor
Fill
Floor
Fill
Fill
Fill
Fill
Fill
Fill
Floor
Fill
Fill
Fill
Fill
Fill
Fill

143
13
165
81
378
31
213
209
444
48
232
6
367
64
826
123
499
199
406
77
74
122
83
202
805
865
438
135
631

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
2
2
0
0
0
29
3
2
0
0

4
0
10
0
22
1
9
2
9
7
15
0
20
0
59
6
13
26
39
2
2
0
3
6
0
0
18
5
18

91
6
92
1
105
7
61
27
131
11
101
1
186
0
298
28
148
35
66
22
40
37
11
43
121
100
40
19
77

47
7
57
79
272
24
152
174
304
37
131
5
181
62
521
95
351
160
330
50
31
54
64
151
504
638
347
101
539

2
7
18
1
11
4
13
12
19
0
7
0
0
1
12
5
16
0
0
0
0
0
6
14
0
0
0
0
34

4
0
16
1
1
0
0
8
9
0
0
0
0
2
7
0
0
4
10
3
1
31
8
8
151
124
49
15
15

Duwe
Duwe
Burger
Burger
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe

Floor
Fill
Floor
Fill
Floor
Fill
Floor
Fill
Floor
Fill
Fill
Floor
Fill

0
88
478
2186
7
24
25
60
327
1240
70
229
2283

0
0
0
0
0
0
0
0
0
0
0
0
0

0
3
0
0
0
0
0
0
0
0
0
0
0

0
1
4
77
0
0
1
3
15
57
6
1
14

0
15
41
353
3
7
3
21
28
135
31
0
85

0
68
433
1781
2
15
21
37
296
1083
33
229
2174

0
12
32
138
1
2
8
9
9
33
20
0
17

0
2
4
52
2
2
1
2
3
22
6
0
24
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Provenience Source Context Dating Santa
Sample Fe
Size
B/w

Wiyo Undiff Biscuit
Biscuit A

Biscuit
B

Biscuit
C

Sankawi
B/c

DE4
DE4
DE5
DE5
DE6
DE6
DE7
DE7
DE8
DE8
DE9
DE9
DEO11
DEO11
DEO13
DEO13
DN Trench
3, Column
6
DN1
DN1
DN2
DN2
DW1
DW1
DW10
DW2
DW2
DW3
DW3
DW4
DW4
DW5
DW5
DW6
DW6
DW7
DW7
DW8
DW9
DW9
DX10
DX10
DX11

Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Burger

Floor
Fill
Floor
Fill
Floor
Fill
Floor
Fill
Floor
Fill
Floor
Fill
Floor
Fill
Floor
Fill
Fill

8
29
15
120
8
87
3
56
47
259
1
50
4
29
9
38
162

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
1
2
4
0
1
0
0
0
0
0

2
2
0
1
0
0
0
2
0
6
0
2
0
0
0
0
3

0
6
8
47
3
35
1
21
23
111
1
24
2
8
1
23
68

5
20
7
71
2
45
1
31
18
138
0
24
2
15
5
11
85

0
11
1
4
1
15
0
1
2
17
0
2
4
4
1
7
8

3
3
0
2
3
7
1
3
4
6
0
1
0
6
3
4
9

Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Burger
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe

Floor
Fill
Floor
Fill
Floor
Fill
Fill
Floor
Fill
Floor
Fill
Floor
Fill
Floor
Fill
Floor
Fill
Floor
Fill
Fill
Floor
Fill
Floor
Fill
Floor

152
394
12
32
2
109
115
52
113
4
770
22
159
1
221
37
737
1
35
59
15
156
69
2415
428

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
2
0
3
0
0
0
0
0
0
0
2
0
0
0
0
0
0
2
0

6
29
1
2
0
7
32
0
0
0
0
0
1
0
3
0
14
0
0
1
0
2
1
89
4

38
122
8
20
1
65
75
0
30
3
112
4
48
1
75
16
131
0
4
23
4
74
11
340
41

100
236
4
9
1
42
29
52
80
1
554
18
111
0
138
21
598
1
28
35
11
77
58
2021
383

64
125
0
6
0
10
8
0
1
0
63
0
23
0
2
0
0
0
0
0
0
0
8
155
32

14
36
0
3
0
2
9
0
0
0
104
0
0
0
8
0
6
0
3
1
0
5
0
52
4
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Provenience Source Context Dating Santa
Sample Fe
Size
B/w

Wiyo Undiff Biscuit
Biscuit A

Biscuit
B

Biscuit
C

Sankawi
B/c

DX11
DX12
DX12
DX12-13
DX12-13
DX14
DX14
DX15
DX15
DX16
DX16
DX17
DX17
DX30
DX30
DX5
DX5
DX7
DX7
EE1
EE1
EW1
EW1
EW1
portico
EW2
EW2
F15
F20
F21
F21
FE1
FE1
FE2 & Kiva
2
FE2 Kiva 2
FN1
FN1
FN13
FN13
FN13W
FN13W
FN14
FN9

Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Burger

Fill
Floor
Fill
Floor
Fill
Floor
Fill
Floor
Fill
Floor
Fill
Floor
Fill
Floor
Fill
Floor
Fill
Floor
Fill
Floor
Fill
Floor
Fill
Fill

1991
223
551
20
571
63
571
21
213
72
191
44
182
33
1573
239
783
74
210
68
325
0
58
60

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
0
0

0
1
1
1
2
0
0
0
9
0
0
0
0
0
1
0
0
0
0
0
1
0
0
0

199
11
62
0
55
2
14
3
7
3
6
0
4
0
51
12
35
0
4
0
2
0
20
0

304
183
291
16
307
34
329
10
115
8
40
7
36
6
295
36
210
20
49
3
18
0
20
4

1632
39
259
3
262
29
236
11
88
64
151
37
143
27
1258
203
571
53
159
33
216
0
30
50

113
7
29
0
23
0
9
2
7
6
15
0
2
5
85
0
22
3
10
0
118
0
8
0

55
0
0
0
0
0
6
0
1
0
0
0
3
0
19
0
1
1
2
32
90
0
8
6

Duwe
Duwe
Burger
Burger
Burger
Burger
Duwe
Duwe
Duwe

Floor
Fill
Fill
Fill
Floor
Fill
Floor
Fill
Fill

24
84
91
100
38
194
22
193
313

0
0
0
0
0
0
0
0
0

0
0
2
0
0
3
0
0
0

0
4
1
20
0
20
0
8
5

12
36
43
40
9
49
3
82
53

10
35
38
60
19
104
19
96
260

0
25
0
0
0
0
0
5
2

2
13
8
0
10
38
0
15
0

Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Burger
Burger

Floor
Floor
Fill
Floor
Fill
Floor
Fill
Fill
Fill

43
78
161
2
72
1
45
971
249

0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
3

0
1
8
0
9
0
1
0
14

7
15
30
2
43
0
20
337
162

36
59
127
0
24
0
21
604
84

0
6
26
0
8
0
2
0
32

0
4
4
0
5
1
4
30
0
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Provenience Source Context Dating Santa
Sample Fe
Size
B/w

Wiyo Undiff Biscuit
Biscuit A

Biscuit
B

Biscuit
C

Sankawi
B/c

GN1
GN1
GN2
GN2
GN3
GN3
GN4
GN4
GS1
GS1
GS2
GS2
GS3
GS3
GS4
GS4
GS7
GW02
GW1
GW2
GW3
GW5
GW5
GW6
GW6
Kiva 1
Kiva 1
Kiva 1
Trench
Kiva 1
Trench
Kiva 11
Kiva 12
Kiva 12
Kiva 2
Trench
section 7
Kiva 2
Trench
section 7
Kiva 2,
Trench 1,
north ext. of
Section 3

Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Burger
Burger
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Burger
Burger
Burger
Burger
Burger
Burger
Burger
Burger
Burger
Duwe
Duwe
Duwe

Floor
Fill
Floor
Fill
Floor
Fill
Floor
Fill
Floor
Fill
Floor
Fill
Floor
Fill
Floor
Fill
Floor
Fill
Fill
Fill
Floor
Floor
Fill
Floor
Fill
Floor
Fill
Floor

8
71
10
172
92
330
59
486
27
195
19
121
39
78
29
112
42
106
138
259
36
206
511
30
261
24
67
10

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
3
0
0
0

1
2
0
2
0
43
0
23
7
10
2
6
0
0
1
2
1
0
1
0
0
89
192
0
19
0
0
1

1
2
3
32
22
84
10
125
2
65
6
26
11
21
3
18
5
51
17
80
1
5
112
5
75
5
26
0

7
68
7
135
30
182
46
355
25
127
12
73
28
57
26
93
37
54
67
174
34
33
175
24
171
19
41
7

0
2
0
3
3
33
5
11
3
24
0
10
0
1
5
27
0
6
3
8
2
3
109
0
19
3
14
0

0
1
0
5
40
64
3
6
0
3
1
22
0
0
0
1
0
1
54
5
1
168
224
1
12
0
0
3

Duwe

Fill

10

0

0

1

0

7

0

3

Burger
Duwe
Duwe
Duwe

Fill
Floor
Fill
Floor

666
11
207
384

2
0
0
0

0
0
0
0

23
0
0
41

214
1
62
60

436
10
145
321

0
10
21
31

14
0
0
3

Duwe

Fill

384

0

0

41

60

321

31

3

Burger

Fill

79

1

1

0

26

51

0

0
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Provenience Source Context Dating Santa
Sample Fe
Size
B/w

Wiyo Undiff Biscuit
Biscuit A

Biscuit
B

Biscuit
C

Sankawi
B/c

Kiva 2,
Trench 1,
Section 3
Kiva 2,
Trench 1,
Section 4
Kiva 2,
Trench 1,
Section 5
Kiva 2,
Trench 1,
Section 6
Kiva 2,
Trench 1,5'
ext. north of
Section 4
Kiva 2,
Trench 2
Kiva 2,
Trench 2,
Section 2
Kiva 2,
Trench 2,
Section 4
Kiva 2,
Trench 2,
Section 6
Kiva 2,
Trench 2,
Section 6
Kiva 3
Kiva 3,
Section 2S
Kiva 3,
Section 3
Kiva 4
Kiva 4
Kiva 4,
Section A
Kiva 4,
Section B
Kiva 4,
Section D
Kiva 4,
Trench 1
Kiva 5
Kiva 5,
Section 1

Burger

Fill

72

1

0

0

37

32

0

2

Burger

Fill

44

0

0

0

15

27

0

2

Burger

Fill

60

0

2

5

24

34

0

0

Burger

Fill

53

0

0

0

18

29

0

6

Burger

Fill

217

0

3

7

35

161

0

18

Burger

Fill

31

0

0

0

6

25

0

0

Burger

Fill

26

0

1

0

7

16

0

2

Burger

Fill

29

0

0

0

7

18

0

4

Burger

Floor

402

0

3

0

116

228

0

55

Burger

Fill

217

0

2

0

66

121

0

28

Burger
Burger

Floor
Fill

150
136

0
2

0
0

0
0

25
57

87
74

0
0

38
3

Burger

Fill

296

0

0

4

58

208

0

30

Burger
Burger
Burger

Floor
Fill
Fill

98
715
362

0
0
0

0
0
0

2
8
10

14
186
98

82
497
224

3
72
43

2
32
40

Burger

Fill

2031

0

0

3

606

1328

112

97

Burger

Fill

160

0

0

2

64

85

13

11

Burger

Fill

947

0

0

11

247

643

216

57

Burger
Burger

Floor
Fill

145
331

0
0

0
0

0
6

32
48

113
281

12
62

0
2
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Provenience Source Context Dating Santa
Sample Fe
Size
B/w

Wiyo Undiff Biscuit
Biscuit A

Biscuit
B

Biscuit
C

Sankawi
B/c

Kiva 5,
Section 2
Kiva 5,
section 4
Kiva 7
Kiva 7
Kiva 9
Kiva 9
Kiva 9
Kiva A,
Trench 2,
Section 3

Burger

Fill

142

0

0

1

22

117

23

3

Burger

Fill

71

0

0

3

11

60

0

0

Duwe
Duwe
Burger
Duwe
Duwe
Burger

Floor
Fill
Floor
Floor
Fill
Fill

7
7
115
423
787
31

0
0
0
0
0
0

0
0
0
0
0
0

0
0
0
4
9
0

2
2
9
40
91
6

5
5
104
383
696
25

0
0
0
8
16
0

0
0
2
0
0
0

Plaza A
Drainage
Ditch

Duwe

Fill

170

0

0

2

20

150

6

0

Plaza A SW
corner
Trench D

Duwe

Fill

20

0

0

2

7

13

4

0

Plaza A SW
corner
Trench E
Extension 2
Plaza A SW
corner
Trench E
Section 1
Plaza A SW
corner
Trench E
Section 2
Plaza A SW
corner
Trench E
Section 3
Plaza A SW
corner
Trench E
Section 4
Plaza A
Trench D
Plaza A
Trench E
Plaza A
Trench E
Extension 1

Duwe

Fill

106

0

0

3

25

80

0

1

Duwe

Fill

2

0

0

0

1

1

3

0

Duwe

Fill

7

0

0

0

2

5

0

0

Duwe

Fill

19

0

0

0

5

14

1

0

Duwe

Fill

13

0

0

0

4

9

0

0

Duwe

Fill

24

0

0

2

7

13

4

4

Duwe

Fill

366

0

0

7

98

263

6

5

Duwe

Fill

503

0

0

10

143

353

12

7
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Provenience

Source Context Dating Santa Wiyo Undiff Biscuit Biscuit Biscuit
Sample Fe B/w
Biscuit A
B
C
Size

Sankawi
B/c

Plaza Area
A48 Pottery
complexes
Plaza and
subplaza

Duwe

Fill

103

0

0

0

65

28

0

10

Plaza D
Trench 1
Plaza D, Trash
Trench 1
Plaza D, Trash
Trench 1
Portico A49
Portico A49
Room 27
Rooms
A34,35,37,46,
50

Duwe

Fill

583

0

0

48

143

439

6

1

Duwe

Floor

5

0

0

0

0

5

0

0

Duwe

Fill

782

0

0

34

210

571

22

1

Duwe
Duwe
Burger
Duwe

Floor
Fill
Fill
Fill

23
350
124
66

0
0
0
0

0
2
0
3

0
2
2
0

6
71
2
10

14
231
118
32

0
0
0
0

3
46
4
21

S1
S1
S2
S2
S3
S3
S4
S4
S5
S5
Section DN2
Section GW3
Section GW4
Test trench 3
Test Trench 3,
strat column 4
Test Trench 3,
strat column 5
Test Trench 3,
strat column 6
Trench 1-B
Trench 3,
column 1

Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Duwe
Burger
Burger
Burger
Burger
Burger

Floor
Fill
Floor
Fill
Floor
Fill
Floor
Fill
Floor
Fill
Fill
Fill
Fill
Fill
Fill

11
261
51
209
20
75
34
217
7
142
29
289
32
498
35

0
0
0
0
0
0
0
0
0
0
0
0
0
3
0

0
0
0
0
0
0
0
0
0
0
0
0
0
10
0

0
20
7
25
0
0
4
41
0
5
3
8
2
4
0

0
61
14
53
0
15
5
39
1
29
10
130
7
419
8

11
196
37
156
20
59
29
177
6
106
12
154
25
66
26

0
6
27
38
0
0
0
1
0
7
24
29
6
0
0

0
4
0
0
0
1
0
1
0
7
7
5
0
0
1

Burger

Fill

348

0

1

38

73

265

0

9

Burger

Fill

155

0

4

11

72

62

0

17

Burger
Burger

Fill
Fill

158
108

0
0

0
0

4
2

27
31

128
71

0
0

3
6
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APPENDIX F
SUMMARY OF IDENTIFIED SPECIMENS

Order
NID
NID mammal

Family
NID
n/a

Genus
NID
n/a

Lagomorpha

n/a
Leporidae

n/a
n/a
Lepus
Sylvilagus

Rodentia

n/a

n/a

Cricetidae

Microtus
Myodes
Ondatra
n/a
Neotoma
Onychomys
Peromyscus

Sciuridae

n/a
Cynomys
Marmota
Otospermophilius

Level of Identification
NID
NID mammal
small mammal
sm/med mammal
med mammal
med/lrg mammal
large mammal
Lagomorpha
leporidae
Lepus sp.
Sylvilagus sp.

NISP
538
23
655
174
787
1138
82
6
49
281
2401

NID Rodentia
small Rodentia
large Rodentia
Microtus sp.
Myodes gapperi
Ondatra zibethicus
Neotominae
Neotoma sp.

274
6
4
1
7
2
69
125

Onychomys leucogaster
Peromyscus sp.
Peromyscus sp?
large Peromyscus sp.
Sciuridae
small Sciuridae
Cynomys sp.
Cynomys gunnisoni
Marmota flaviventris
Otospermophilus variegatus

10
110
1
14
1
3
78
2
1
1

Table F.1. All faunal identifications by taxonomy.
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Order

Carnivora

Family
Castoridae
Geomyidae

Genus
Scurius
Castor
Thomomys

Heteromyidae

Dipodomys

Erethizontidae
n/a

Erethizon
n/a

Canidae

n/a
Canis

Vulpes

Artiodactyla

Ursidae

Ursus

Mustelidae

Gulo
Martes
Mustela

Felidae

Taxidea
Lynx

n/a

n/a

Cervidae

n/a

Level of Identification
Scurius aberti
Castor canadensis
Thomomys sp.
Thomomys bottae
Thomomys talpoides
Dipodomys sp.
Dipodomys ordii

NISP
1
18
8
16
2
4
14

Erethizon dorsatum
Carnivora
sm/med Carnivora
large Carnivora
Canidae
Canis sp.
small Canis sp.
med Canis sp.
Canis familiaris
Canis latrans
Canis lupus
Vulpini
Vulpes vulpes
Vulpes vulpes?
Ursus sp.
Ursus americanus
Ursus arctos
Ursus arctos?

23
1
1
2
3
237
1
1
26
17
32
1
14
4
6
14
3
1

Gulo gulo
Martes americana
Mustela sp.
Mustela erminea
Mustela frenata
Taxidea taxus
Lynx rufus
Lynx rufus?
Artiodactyla
med Artiodactyla
med/lrg Artiodactyla
large Artiodactyla
large Artiodactyla?

3
10
1
2
10
263
5
2
8
204
4
12
1

Cervidae
large Cervidae

Table F.1. Continued.
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53
1

Order

Family

Genus
Cervus
Odocoileus

Antilocapridae
Bovidae

Antilocapra
Bison

n/a
NID bird

n/a
NID bird

Ovis
n/a
n/a

Galliformes

n/a
Odontophoridae

n/a
Callipepla
Cyrtonyx

Phasianidae

n/a
Centrocercus
Dendragopus
Tympanuchus
n/a
Meleagris

Anseriformes

Anatidae

Anas

Caprimulgriformes
Columbiformes

Caprimulgidae
Columbidae

Gruiformes

Gruidae

Charadriiformes
Accipitriformes

Rallidae
Scolopacidae
Accipitridae

Level of Identification
Cervus elaphus
Cervus elaphus?
Odocoileus sp.
Odocoileus hemionus
Odocoileus hemionus?
Odocoileus virginianus
Odocoileus virginianus?
Antilocapra americana
Bison bison

NISP
51
2
483
64
1
11
2
29
2

Ovis canadensis
NID bird
small bird
med bird
med/lrg bird
large bird
Galliformes
Callipepla squamata
Cyrtonyx montezumae

18
122
2
54
23
1918
1
3
1

Phasianidae
Centrocercus urophasianus
Dendragopus obscurus
Tympanuchus pallidicinctus
Tympanuchus phasianellus
Meleagridae?
Meleagris gallopavo
Meleagris gallopavo?

1
2
15
5
1
1
2628
4

Chen
Mergus
Chordeiles
Zenaida
Grus

Anas carolinensis
Anas platyrhynchos
Anas strepera
Chen caerulescens
Mergus merganser
Chordeiles minor
Zenaida macroura
Grus canadensis

1
2
1
1
2
1
14
5

Fulica
Bartramia
n/a
Accipiter

Grus canadensis?
Fulica americana
Bartramia longicauda
large Accipitridae
Accipiter sp.

14
2
1
1
1

Table F.1. Continued.
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Order

Family

Genus

Aquila
Buteo

Circus
Haliaeetus

Strigiformes

Cathartidae
Strigidae

Piciformes

Picidae

Cathartes
n/a
Athene
Bubo
Colaptes
Melanerpes
Falco

Falconiformes

Falconidae

Passeriformes

n/a

n/a

Alaudidae
Corvidae

Eremophilia
n/a
Aphelocoma
Corvus
Cyanocitta
Gymnorhinus

Level of Identification
Accipiter cooperii
Accipiter gentilis
Aquila chrysaetos
Aquila chrysaetos?
Buteo sp.
small Buteo sp.
Buteo jamaicensis
Buteo jamaicensis?
Buteo jamaicensis? or lagopus?
Buteo jamaicensis? or regalis?
Buteo lagopus
Buteo lagopus? or swainsoni?
Buteo regalis
Buteo regalis?
Buteo swainsoni
Circus cyaneus

NISP
2
1
35
4
101
1
411
2
6
4
2
1
3
1
3
1

Haliaeetus leucocephalus
Haliaeetus leucocephalus?
Cathartes aura
Strigiformes
Athene cunicularia
Bubo virginianus
Colaptes sp.

2
1
1
1
1
3
4

Colaptes auratus
Melanerpes lewis
Falco sp.
Falco sp. (mexicanus or peregrinus)
Falco sparverius
Passeriformes
med Passeriformes
large Passeriformes

4
2
1
1
9
1
4
1

Eremophila alpestris
Corvidae
small Corvidae
Aphelocoma californica
Corvus sp.
Corvus corax
Cyanocitta stelleri
Gymnorhinus cyanocephalus

Table F.1. Continued.
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1
1
1
1
1
15
1
2

Order

Emberizidae
Fringillidae
Icteridae

Genus
Pica
n/a
n/a
Icterus

Level of Identification
Pica hudsonia
Emberizidae
small Fringillidae
Icterus sp.

n/a
n/a
Salmoniformes

Turdidae
n/a
Emydidae
n/a
n/a
Salmonidae

Turdus
n/a
Chrysemys
n/a
n/a
Onchorynchus

Turdus migratorius
Testudines
Chrysemys picta
NID amphibia
large fish
Onchorynchus sp.

Neogastropoda

Conidae

Conus

Conus sp.
TOTAL

Testudines

Family

Table F.1. Continued.
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NISP
4
4
1
1
1
4
5
3
1
1
1
14025
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